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possibilities of other agents capable of causing such. ions dy detailed SEN 
and histopathological studies. 


The lesions corisisting of nd elongation amd acuolar degeue- 
ration in intraepithelial glands of tracheal mucosa and diffuse mononuclear 


"infiltration in the submucosa, serofibrinous exudate with cellular infiltration in 


the air-sac can only be considered as suggestive | lesions of GRD in accordance 


with the findings of Jungherr et al eo Gross (1957), Adler. and Shrifrine 
(1960) and Jungherr (1960). l 


One of the 26 cases with gross [citans showed ot in lungs and 
two cases revealed diffuse macrophagic. and heterophilic infiltration in lungs 


^ with ‘associated suggestive lesions in air sac and trachea. These cases cannot be 


ascribed to PPLO infection similar to those. described by Jungherr et al (1955) 
who failed to detect ‘microscopic lesions in 3 out ‘of 12 cases having gross lesions. 
So it is clear from above studies: that the histopathological examination is of : 
great importance. to establish the lesion of PPLO as 50 of 393 (12°7%) cases 
without gross lesions. revealed only histopathological lesions similar to the 
findings of Jungherr et al (1955) who: demonstrated only microscopic lesions 


in 42:576 cases in trachea and 11:795 in lungs in130 grossly negative cases. 


SUMMARY 


2 


In the present studies 2943, birds under 3 months of age and 558 over 
three months were examined grossly in routine post-mortem examination. 


Only 26 cases out of 558 over 3 months were noticed to bave gross lesions. 


Twentythree out of 26 cases with gross Peer showed microscopic lesions 
resembling to those caused by complicating agents in addition to PPLO. Fifty- 
two out of 826 cases without any gross lesions revealed histopathological 
lesions varying from lymphofollicular lesions to” giant cell granuloma in the lung . 
with associated lesions in trachea and air-sacs. 


The present study stresses the mone of carrying out histopathological 
examination for the diagnosis'of CRD in addition to gross examination. 
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OIL FROM SEED KERNEL OF PRUNUS PERSICA 


K. L. Duar AND R. N. S. CHAUHAN : 
Chemistry Department, Th. D. S. B. Govt; College, Naini Tal. 


Oil from the séed kernel of Prunus persica consists of 5.8% solid fatty > 
acids and 94.29, of liquid fatty acids out of a total fatty acid content of 90.5% 
of the oil. The unsaponifiable matter from the oil (1.11%) contains sitosterol. 
Further work of the component acids of the oil is in hand. 


Prunus persica (N.O. Rosaceae. Aru (Hindi, Urdu, Kumaoni) | 
peaches (English) ] is a tree of variable size. Leaves appear after or with 
the flowers and are variable in shape and size in different varieties but 
generally they are oblong, laneaceolate, serrate, petiole glandular. ‘Flowers 
are pink which turn white at the time of drooping. Fruits are variable in 
size and shape. Flesh soft, white or yellowish green and sometimes covered 
with fine paste. The oil has got some medicinal value and is a along 
with aydrocotyl plant for a type of fever. 


ANALYSIS OF PEACHES OIL 


The aim of this work was to analyse the oil from peaches of Kumaon 
region for which no analytical data is available, The oil has got some 
medicinal value. 


Á 
In the present work the' seeds obtained locally have been investigated. 
The kernel amounting to about 8.9% of the seed, when extracted with 
petroleum ether gave 43.6% (of the: weight of kernel) of a light pale yellow 
colour oil without any odour. 'The physical and chemical characteristics 
of the oil are shown as under:— 


Speciüc Gravity... 9: Ue gee. 0927 
Refractive index. s ue wag- o9 124705 
Viscosity’ ise oee att sa uae one “SBD 
Acid value ... :;. ... cee ase .. 9,5 
Saponification value... ... ... ...190.4 


Iodine value 

( Rosenmund Kuhnhenn’s method) 85.38 
Richert-Miesel Value... ... ... .:.0,056 
Unsaponifiable Value... ... ... ... 1.11% 


Component Fatty Acids: The mixed acids obtained from the oil by. the 
saponification with alcoholic potash was subjected to Twitchall’s lead salt 
separation and resolved into 5.8% solid and 94.2% liquid.acids, 
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Unsaponifiable matter: The unsaponifiable matter ( 1.11 %) obtained 
from the.oil was tested for the presence of sterol by Liebermann-Burchard 
‘reaction when’ it gave violet colouration. Identification of the sterol: was 
effected by first getting an addition product with digitonin and subsequently . 
treating ' it with acetic anhydride, when the addition: product broke down. 
` into sterol acetate, and digitonin’ (Jamieson, ' loc. cit., p. 417). The acetate 
after crystallisation from absolute alcohol melted at 1250 G indicating it as. 
sitosterol acetate. 


ExpERIMENTAL 


Extraction of oil: The extraction of the oil was done by the: use of 
organic solvents, Petroleum ether (B. P. 609-809 C) gave maximum yield. 
- Powdered seeds were- extracted in portions of 100 g., with petroleum 
‘ether in a glass Soxhlet for 12 hours. The extract was dried over anhydrous 
magnesium sulphate and filtered. On removal of the solvent completely 
under reduced pressure 43.6 gms., of oil was obtained. The oil was then 
. treated with animal charcoal and fuller's earth to give a clear light pale 

yellow oil. This was used as such for other experiments. 


Saponification of ihe otl: 108. 42 g., of oil was taken in ] litre flask j 
with 28 parts by weight of KOH in about 500 parts of alcohol (98%). The 
contents were boiled under reflux condenser for 3 hours. After refluxing | 
water was added to keep KOH concentration moderate, About half of the. 
alcohol «was distilled off. Excess of water was added and then cooled and 
transferred to a separating funnel and extracted with ether to remove 
" unsaponified water. The aqueous solution on ‘acidification with dil -H,SO, 
(4095) was steam distilled (for 3 hours) to get volatile fatty acids. The 
oily layer i in flask was extracted thrice with ether and the ether was distilled 
off to give 98.194 g., of fatty acids. 


SEPARATION OF FATTY ÁGIDS 


The.above mixed fatty acids (98.194 g.) was subjected to Twitchell’s 
lead salt separation using 70 g., of neutral lead acetate and 500 c.c., of 
ethyl alcohol (95%) and separated into 5.694 g., of solid (saturated) ang 
92.50 g., liquid ME acids. 
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A NOTE ON TWO. SPECIMENS ‘OF HEMIDACTÍLUS FLAVI VIRIDIS 
! : - RÜPPEL WITH BIFID. TAILS | | 


B. E "MEHRA T 
Division of Entomology, Indian Lac Research Institute, Namkum. 


On November 5,1959, the author collected a bifid-tailed house-gecko from 
his residence at the Indian Lac Research ‘Institute. On 10th April 1961 he 


collected another specimen of a bifid- tailed house-gecko from the laboratory 
of the Institute. 


Lizards with a bifid or a ‘trifid tail have — been recorded by 
Brindlay (1894), Brindlay (1898), Stuart (1908), PE (1920), Loveridge 
(1923), Hora (1926), Das (1932) and Mahendra (1936). 


' In both the specimens the bifid portion commences a short distance before 
the free end of the tail and in both the specimens the forking is in the horizon- 

tal plane i. e., the two branches- of the bifid growth are right and left. For 

brevity the two specimens of Gecko will be referred to as ‘A’ and ‘P’, 


SPECIMEN ‘A’ (Fra. 1) 
(a) Measurements : 


Length from snout to cloaca... ss co... 0... +... eso —8'%% cm. 
s» `. „» cCloacà to fork of bifurcation EC .. —5:00 cm. 
003505 "fork to tip of long branch - eo. —1'65 cm. 
"NE 2 FU. short branch sb Rz ae! 3 aay em. 


"The pórüon of the tail between the cloaca Rod the commencement ‘of 


the fork of bifurcation i is pet divided into ` seventeen segments, ‘the first 
one being 0. 5 cm, in width, 


. -The n Bou narrows pean first at 0.6 cm. from the fork and 
. then at 0.85 cm. from this point. That is, de can’ be divided into three 
. segments. The short branch narrows s suddenly at l. 0 cm. from the fork. 


(b) Scaling : xg | i | 
The first segment next to cloaca is covered with -— scales vile in the 


et of the sixteen segments the mid-ventrals' are laterally elongated ad 
by smaller scales which “gradually merge into. lateral scales. 


The ventral ‘scales in the first two segments of the long branch are elon- 
gated laterally and arranged in a single row touching the lateral ‘scales. The 
. ventrals in the first segment are uniformly broad while in the second segment . 
they are riarrower towards ‘the proximal end and broader towards the distal | É 
TB In the third: um. the ventrals are malt and haphazardiy arranged, 


e - 
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The ventral scales in the short branch are arranged in a row touching 
the laterals in both the segments except that those in the second segment aré 
narrower than in the first. 


Dorsally both the branzh:s are uniformly covered with the usual small 
scales. 


(c) Colouration : 
Dorsally the two distal segments of the long branch and the whole of the 
short brauch is of a lighter colour than the rest of the tail, which is of grey 


colour. Ventrally the whole ofthe tail, including the two branches, is of 
uniform cream colour. 


SPECIMEN ‘B?’ (Fic. 2) 
(a) Measurements : 


Length from snout to: cloaca sie asa cxx e owe. c Gee, 092^ 9. UOI 
55 » cloaca to fork of BUS e X4 ime ux E VO. 
» ` » fork to tip of long branch ... ... ... .... +... —2:15 cm. 
2s no uu x ay EO SADIEDIABCÀRO d. ws «a sd ae LO em: 


There is an injury in the long branch at 0:55 cm. from” the fork. The 
portioa of the tail between the cloaca and the fork can be divided into three 
distinct regions : 


Cloaca to commencement of segmented region ... ... ... —0:8 cm. 
Segmented PERIOD. se des ae dede E GER GES. sik a CD POCHE 
Unsegmented région... ... ... cee 2. e s.m e o TL cm. 


The segmented region consists of four segments. 


(b) Scaling : 
The first region is ventrally covered with small scales. 


In the segmented region the mid-ventrals are prominently big, broader 
than long and distinctly divided into two halves by a median ‘longitudinal 
depression. The mid-ventrals are flanked by smaller scales which merge into. 
the laterals. | 


- The mid- ventrals i in the third region are longer than broad, flanked by . 
smaller scales which merge into the laterals. 


The mid-ventrals of the last region continue in the longer branch without 
any demarcation. The small scales flanking the mid-ventrals gradually 
disappear towards the free end. 


Dorsally the long branch is uniformly covered with the usual small scales. 


The short branch is uniformly covered with small scales alround, which 
are smaller than those on the dorsal side: of the long branch. 
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(c) Coloura tion : 


Doral both the branches are of the same grey colour as the rest of the 
tal. Ventrally also they are of uniform grey colour as dorsally except the por- 
tion of tlie long branch between the fork and the injury which is SEM in 
shade and a continuation of the rest of the id tail, 
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Fig. 1, Ventral aspect of the bifid portion of the tail of Hamidactylus flaviviridis, Ruppel 
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Fig. 1. Ventral aspect of the bifid portion of the tail of Hamidactylus flaviviridis, Ryppel 
(Specimen. B). a i . 


OIL FROM SEED KERNEL OF PRUNUS ARMENIACA 


K. L. DHAR AND R. N. S. CHAUHAN 
Chemistry Department, Th. D. S. B. Govt. College, Naini Tal. 


Oil from the seed kernel of Prunus armeniaca consists of 4.99% of solid 
fatty acids and 95.01% of liquid fatty acids out: of a total fatty acid content 
of .90.2% of the oil. The unsaponifiable matter from the oil (1.09%) contains 
sitosterol. Further work on the component acids. of the oil is in hand. 


Prunus armeniaca [N. O. Rosaceae. nba (Hindi, Urdu, Kumaoni) 
Apricot (English)] is a tree of variáble size. The.leaves are broadly ovate, 
petiole, glandular. Flowers are.. pinkish or nearly white. The seed kernel 
is of two kinds;'in one case it is bitter and is inedible, while in the other it 
. is edible resembling almonds in taste. The oil has got medicinal value and 
is generally used in earache and massage. The oil is being exported to U.S.A. - 
in large quantities but specific uses to which it is put there are not known. 


Analysis of apricot oil has been reported by Hilditch from other parts of 
the world. The aim of this work was to analyse the oil from apricot of 
Kumaon region for which no analytical data is available. As expected the 
composition of the oil investigated by us differs eae from those that 
have been reported. 7 


In the present work the seeds obtained locally have been investigated. 
The kernel, amounting to about 38% of the seed when extracted with petro- 
leum ether gave 33.3% (ofthe weight of the kernels) of a pale yellow. oil 
with a characteristic agreeable odour. It could not be decolourised by ordi- 
nary chemicals. The physical and chemical characteristics of the oil are shown 
as following :— 


Specific Gravity ... ... ... ... 0,9281 
Refractive index ... 0... 0. .... 1.4701 
Viscosity Ga; ih Sue qnc de 36.80 
Acid Value ue ie dues dd ae 1.07 
Saponification value... ... ... 189.20 
Iodine Value (a) Wijs S 78.1 
(b) Wijs (Modified) ... «.. 85.0 
(e) Hanus x 87.3 
(d) Rownmundkuhdbengan 870” 
Richert-Miesel Value ... ... ... -0.13 ` 
Unsaponifiable Value ... ... ... 1.09 


Component Fatty Actds: The mixed acids obtained from the oil by saponifi- 
cation with alcoholic potash was subjected to Twitchell's lead salt separation. 
and resolved into 4.99% solid and 95.01% of liquid acids. 
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Unsaponifiable Matter: The unsaponifiable matter (1.09%) obtained from 
the oil was tested for the presence of sterol by Liebermann-Burchard reaction 
‘when it gave violet colouration. The identification of the sterol was effected 
^ by first getting an addition product with digitonin and subsequently treating it 
with acetic anhydride, when the addition product broke down into. sterol 
acetate and digitonin (Jamieson, loc. cit., p. 417). The acetate after crystallisa- 
tion from absolute alcohol melted at 125° C indicating it as sitosterol acetate. 


ExPERIMENTAL 


-_ 


Extraction of the Oil. : The extraction of the oil was done by the use of 
organic solvénts, Petroleum. ether (B. P. 60°-80°C) gave maximum yield. 
Powdered. seeds were extracted in portions of 100 g. with petroleum ether in 
- a glass soxhlet for 12 hours. The extract was dried over anhydrous magnesium 
sulphate and filtered. On removal of the solvent completely under reduced 
pressure, 33.3 g. of oil was obtained. The oil was then treated with animal 
charcoal and Fuller's earth to give a clear pale yellow oil. 'This was used as 
such for other experiments. | 


lodine Value : 0.442 g. of the oil was taken in a conical flask, the oil 
was dissolved in chloroform (about 10 ml). Then 25 ml of the Wij's solution 
was added and the mixture was kept for 30 minutes (Wij's solution was 
prepared by the method as described in the book “Estimation of Organic 
Compound’ p. 24, 1953 by F. Wild). An aqueous solution of KI (15 %) 
and water (100 ml) freshly boiled and cooled were added and the liberated 
iodine was titrated against standard thiosulphate (N/11.5) using starch as 
indicator. This gave the iodine value as (78:1). 


The iodine value so found was lower than the values found by other 
methods. So a modification was made to Wij’s method.. The procedure of 
the experiment was the same except that Wij’s solution was prepared by 
Vogel’s method (as given in the book ‘Quantitative Inorganic Analysis p. 
366, for the preparation of ICI) because it was found that probably defect lies 
in preparing Wij's solution. 3 


Hanus Method: In this case [Br was used instead of IC] and the rest of 
the procedure was the same. (F. Wild. Estimation of Organic Compounds 
p. 25). The iodine value by this method was found to be (87:31). 


 Rosenmund and Kuhnhenn's Method: 10 ml of pyridine bromine sulphate 
(prepared as described im “Estimation of Organic Compounds! p. 26, 1953 by 
F. Wild) was added to .025 g. of oil dissolved in 5 ml CHCl, and after 
shaking the mixture was kept for 5 minutes at room temperature. Then an 
aqueous solution of KI (3.5 ml 10%) was added and the excess of I, was 
titrated against N/9.2 Na,S,O3. The iodine value was found to be 87°2. 


Saponification of the Oil : 91.45 g. of oil were taken in a litre flask 
with 28 parts by weight of KOH in about 500 parts of alcohol (98%). The 
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contents were. sed for 3 hou After refluxing the contents were diluted 
with water and half of the alcohol was distilled off. After further dilution 
the unsaponified matter was extracted with ether. The fatty acids. were liber- 
ated by dilute H,SO, (40%). Volatile acids were obtained by steam distillation. 
The oily layer was extracted thrice with ether to give 82.4321 g. fatty 
acids, 


SEPARATION OF FATTY Acips 


‘The . above mixed.fatty acids (82. 4321 g.) was subjected to Twit- 
chell's lead salt separation using 70 g. of neutral lead acetate and 500 c.c., 
of ethyl alcohol (9595) and separated into 4.12 E of solid eee and 
78.3 g. of liquid pee acid. 
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EFFECT OF METALLIC CONTAMINATION AND STORAGE 
TEMPERATURES ON THE KEEPING QUALITY OF KHOA 


A. Jaur, N. N. PANDIT AND S. N. SINGH - 
Department of Animal Husbandry & Dairying, B. R. College, Agra. 


Milk-—a perishable article of diet is converted into various milk products, 
viz., ghee, dahi, butter, channa, khoa and other condensed and powder forms. In 
Indian villages most of the surplus milk is converted into ghee and khoa. | 
The estimated output of khoa in Indian Union is about 4'9 million maunds 
annually, which accounts for about 4'3 per cent of the total milk production 
(Report on Marketing of Milk, 1956). It is an unfermented milk product 
concentrated to 70-75 per cent total solids. by evaporation of water. Its 
nutritional significance is due to its high level or proteins, —rich in tryptophane 
and lysine—the two very essential amino acids, to its high calorific value rang- 
ing from 1800-2337 calories|lb (De and Ray, 1952 and Marner 1951) 
and to its richness in minerals and fat soluble vitamins, 


The quality of such an important Indian dairy product varies con- 
siderably from place to place depending upon a number of factors, such as 
quality of milk used, metals coming in contact during preparation, adulter- 
ants, duration and condition of storage—to mention only a few. The most. 
serious limitation in the marketable and keeping quality of Khoa develops 
from dirty and rusty karahis and the practice. of wrapping the product in 
green tree leaves or dirty cloth accompanied by different malpractices 
followed to adulterate the product at the cost of consumers. Itis not uncom- 
mon to find variety of samples of khoa in the same market at the same time 
with widely differing chemical, physical and microbiological characteristics. 
Though known for a long period not much work has yet been done on 
the effect of various factors influencing the quality of this product. Dave 
(1940) has thrown some light on the method of khoa preparation in Gujerat 
and his views, in confirmity with those of Davies (1938), suggest some 
improvements in the art of khoa manufacture. Bhatt, Khorshed, Sethna and 
Fernandies (1949) have carried out researches on the chemical and microbiolo- 
gical studies of khoa and are of the ‘opinion that it can last for 48 hours 
under cold storage conditions. Irradiation by different rays, they say, isa 
modern method for -preserving its keeping quality for longer durations of 
time. Iyer, Kannan and Basu (1948), while studying the composition of this 
product have unearthed some relationships between the original compo- 
sition of milk and the final product prepared from it. De and Ray (1952) 
have worked out the ratio of S. N. F./fat, which influences both its yield 
and moisture content. Further, these workers can be credited to haye 
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conducted some investigations on the shelf life of this product and the changes 
it undergoes during storage. 


Contemplating the meagre information available on the subject an 
investigation was planned to study the effect of metallic contamination, the 
storage temperature and the wrappers used on the keeping quality of khoa. 


MATERIALS AND METHODS 


Fresh, mixed buffalo milk samples standardised to 6:0 per cent fat, were 
converted to khoa using different metal pans,—stainless steel, brass, aluminium, 
tinned brass and iron. Every possible technological precaution was taken 
during its manufacture and a uniform time/temp. relationship ensured. 
The individual samples were halved and each half triplicated to. be wrapped 
in ordinary butter paper, sodium propionate deterged butter paper and sterilized 
paper wrappers. Half of the samples were stored at room temperature and 
the other counter part put in a refrigerator at 5°+1°C. The-samples were 
tested both while fresh and during storage for different organoleptic, chemical 
and physical-constants. The methods of analyses were adapted from ‘manual 
of butter industry’? for organoleptic constants and Association of official 
Agricultural chemists (1949) for different chemical and physical constants. 


RESULTS AND DISCUSSION 


A study on the keeping quality of khoa manufactured under standard 
conditions with a few variables like metals, wrappers and storage temperatures 
was envisaged. The results obtained are discussed in the following pages. 
While fresh, almost all the samples with light greenish white appearance, soft 
loose body and smooth texture showed an insignificant variation in different 
physical and chemical constants. However, acidity percentage (Table 1 and 
Fig. 1) and the peroxide values (Table 2 and Fig. 2) were comparatively lower 
in samples prepared in statinless steel than iron karahis. 


TABLE | 


Showing the percentage acidity at different storage periods in khoa 
prepared in different metal pans. 





Storage Period at Room Temperature in Days (A) 


Metals 
| | E | 5 | 7 | 10 
Stainless Steel 0.090 0.100 | 0.133 | 0.630 | 0.853 
Aluminium ` | 0.100 | 0.110 | 0.150 | 0.676 | 0.926 
Tinned Brass | 0.100 0.130 | 0.396 | 0.736 | 0.976 
Brass 0.100 | 0.120 | 0.286 | 0.720 | 1.000 
Iron 0.110 | 0:130 | 0.476 | 0.860 1-360 





(Continued on page 15) 
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Showing the percentage acidity at different storage: periods i in bbs 
_ prepared in different metal pans. 





At Refrigeration Temperature in Days (B) 





Metals A Ie l 
poc | Yd | 15 | 20 | 23 
Stainless. Steel .- | 9,090 | 0.118 | 0.203 .| 0.498 | 0.706. 
Aluminiu s 0.100 [0.123 | 0.233 0:636 0.770 
Tinned Brass | . | 0.100 | 0:128 | 0.228 . 0.006 | 0.796 
Bras = © ^ | 01100 | 0.120 | 0.223 | 0.593 . |. 0.830 
Dn x 0.110. | 0.130 | 0.256 | 0.630 | 1.090 





The peroxide values ranged from 1.4 (stainless 'steel and tinned brass) 
to 1.5 (remaining metals), while acidity was found to range from 0.090 to 0.110 
. per cent respectively. 


TABLE 2 | 
| Showing the peroxide value at different storage periods in khoa 
prepared in different metal pans. 


Storage Period at Room Temperature in Days (A) 


Metals 
| 1 | 3 | 5 | 7 | 10 
Stainless Steel, . ' - 140 -— 24.40. 5.70. 11.50 14.60 
Aluminium ` 1.50 -| 4.99 .| 8-43 | 19.50 "| 17.30 
Tinned Brass 140 | 490 | 6.86 14.20 17.82 
Brass | 1.50 Jb 5:03 7.50 | 12.80 15.73 
Iron 1.50 | 6.90 | 9.53 | 12.80 | 18.26 





Stainless Steel | 1.40: 


Aluminium ye ud ,1 7.41450 
linned Brass | 1.40 
Brass | 1.50 


Tron 1.50 





- 
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During storage, an appreciable difference in the keeping quality of khoa 
prepared in different metals was noticed. This difference widened in the 
samples stored in unsterilised wrappers (Table 3 and Fig. 3). The charac- 
teristic physical symptoms of spoilage were : profuse mould growth, bleaching 
appearance and white spots. The resistance to spoilage was highest in samples 
prepared in stainless-steel pans, followed by aluminium, brass, tinned brass 
and iron. At room temperature samples from stainless-steel were found to 
be edible upto 6 days while under refrigeration the storage period could be 
«extended upto 20 days. With regard to development of acidity (Table 1) in 
different samples under room temperature iron contained samples exhibited 
the highest values followed by brass, tinned brass, aluminium and stainless-steel. 


TABLE 3 


` Showing the percentage acidity at different storage periods in khoa 
wrapped in diferent wrappers. 





Storage Periods at Room Temperature in Days (A) 








Wrappers 
1 | 3 | 5 7 | 10 
Control 0.100 0.120 0.274 0.688 0.958 
Sterilized butter paper 0.100 0.114 . | 0.250 0.646 0.892 


Sterilized butter paper soaked 
in sodiúm propionate solution. | 0.100 0.126 0.342 0.840 1.240 





At Refrigeration Temperature in Days (B) 








Wrappers 
1 | 7 15 | 20 | 23 
Control * | "| 0.100 | 0.114 | 0.212 | 0.568 | 0.808 ° 
Sterilized butter paper 0.100 0.110 0.198 0.544 | 0.782 


Sterilized butter paper soaked : 
in sodium propionate solution. | 0.100 * 0.142 0.274 0.688 0.920 


A marked difference in acidity was noted after a storage period of 10 days 
both under room and refrigeration conditions. The rate of development of 
acidity remained almost the same in case of iron, but with other metals there 
was a decreasing. trend after 7 days of storage. At room temperature the 
final values observed. were 1.360, 1.000, 0.976, 0-926, 0.853 per cent for iron, 
brass, tinned brass, aluminium and stainless-steel respectively. Under refrige- 
ration the rate of acidity development was slow upto 15 days of storage, 
followed by a subsequent rapid increase particularly in case of iron 
(1.09 per cent). The values for brass, tinned brass, aluminium and stainless- 
steel were 0.830, 0.796, 0.770 and 0.706 per: cent respectively. In acidity no 
significant effect of different wrapper treatments was visible upto five days 
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at room temperature and upto 15 days under refrigeration. Thereafter (Table 
3, Fig. 3.) an abrupt increase particularly in samples packed in deterged 
papers was noted (Table 3 and Fig. 3). The final acidities reached were 
1.240, 0.958 and 0.892 under room temperature and 0.920, 0.808 and 
0.782 per cent under refrigeration temperature with deterged paper, ordinary 
butter paper and sterilized butter paper respectively. The initial higher 
acidity percentages in-case of deterged paper samples and their maintenance 
throughout the storage period both at room and refrigeration temperatures 
in comparison to control and sterilized wrappers, can be explained on the’ 
basis that such samples were less infested with mould mycelia which con- 
sume lot of acids than the other two. | 

Almost constant peroxide values ( 1.40-1.50) were observed in 
different samples with various treatments in the beginning of the analyses. 
There was a significant increase in these values during storage, being 
faster at room temperature than under refrigeration. Samples prepared in 
iron karakis exhibited highest initial and final peroxide values in comparison 
to stainless-steel which gave the lowest values. The other metals used in 
these investigations showed an irregular trend during the intermediate stages 
of storage, but the values could not cross the upper and lower limits set by 
iron and stainless-steel respectively. Regarding the effect of differently 
treated wrappers on peroxide value (Table 4), the samples in unsterilized 
wrappers gave the highest values and deterged wrappers the lowest with 
samples in sterilized wrappers falling in between the two extremes under both 
the storage conditions (Table 4 and Fig. 4). 

| TABLE 4 


Showing the peroxide value at different storage periods in khoa wrapped in different wrappers 
"essen A SS ST SR 


Storage Periods at Room Temperature in Days (A) 








Wrappers 
1 | 5 | 39 7 | 10 
Control 1.46 5.50 7.94 13.84 17.39 
Sterilizéd butter paper — 1.46 5.30. 7.78 13.20 16.83 
Butter paper soaked in 
sodiüm propionate solution 1.46 5.14 7.12 11.84 15. 80 


Under Refrigeration Temperature in Days (B) 














Wrappers 
I 7 15 20 | 23 
Control 1.46 ` 3.06 5.56 8.04 10.46 
Sterilized butter paper ` 1.46 | 2.88 5.06 7.80 10.24 


Butter paper soaked in 
sodium propionate solution 1.46 2.44 
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A continuous and constant decrease in moisture content of khoa has 
been noted in the present study both under room temperature and refrigerated 
conditions irrespective of the metal used for its preparation. With respect. 

. to different wrappers the fall in moisture content under room temperature was 
more in samples wrapped in unsterile papers than deterged and sterilized 


ones. No significant difference, however, could be noticed under the refri- 
geration conditions (Table 5). 


TABLE 5 


Showing the variations in moisture per cent of khoa 
wrapped in diferent wrappers. 





Storage Periods at Room Temperature in Days (A) 





Wrappers E —ÓMr— E EET 
! | 3 | 5 | 7 | 10 
Control 32.00 27.71 24,94 20.83 18.07 
Sterilized butter paper 32.00 


28.52 -| 24.62 21.78 19.75 
Butter paper soaked in 


sodium propionate solution 32.00 28,14 25,20 21,95 19.25 





At Refrigeration Temperature in Days (B) 





Wrappers 
l | 7 15 | 20 23 
Control 32.00 28.58 24.51 22.31 20.71 
Sterilized butter paper 32.00 28.89 24.82 22.41 20.83 


Butter Paper soaked in sodium 


. propionate solution 32.00 | 29,49 | 25.45 | 22.26 | 20.84 


SUMMARY 

Khoa is one of the most important products of our dairy industry uti- 
- lizing about 4.3 per cént of the total milk produced. The practices associated 

with its preparation such as type of pan, type of wrappers, source of heat 
and the extent of concentration vary widely from place to place and in 
different seasons. The variation in the quality of khoa in the market poses 
some practical difficulties. To overcome this short-coming scanty research 
by some workers has been going on from time to time but the information 
available so far cannot be built up to recommend measures for any improve- 
ment in the quality of this product. It was with the aim of strengthening 
the present available information that a few variables were studied. The 
results suggest that the greatest resistance to deterioration is offered by 
stainless-steel, next in order being aluminium, brass, tinned brass and iron, 
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the life of the product being 6, 5, 4 and 3 days in different cases respectively 
at room temperature. Under refrigeration life could be enhanced to 15-20 
days, the lower figure being adds with iron and higher with the remain- 
ing metal pans. 


The effect of different types of wrappers showed a better resistance 
towards mould growth than the control. This resistance was more in samples 
wrapped in paper treated with sodium propionate solution, followed by 
sterilized butter paper under both the storage conditions. The spoilage was 
set after 5th day at room temperature and 20 days under refrigeration. Deter- 
ged papers proved better than the sterilized and ordinary ones as indicated 
by acidity and peroxide values during different periods of storage. It may be 
inferred, therefore, that khoa prepared in stainless-steel and wrapped in 
deterged paper confirms to the desired keeping quality for a longer duration 
of time particularly if stored at lower temperature. 
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ON A FILARIAL NEMATODE FROM DOMESTIC FOWL - 


-| DHARMENDRA NATH 
Department of Parasitology, U.P. College of Vet. Sc. & Animal Husbandry, Mathura. 


During post-mortem examinations of domestic fowl the heart, on one 
occasion, yielded from one of it’s ventricles two female specimens of a filarial 
nematode. ‘Subsequent. search for more specimens including adult males 
proved futile. One of these specimens was studied alive and after fixation in 
hot 70% alcohol was cleared in glycerine and later cut for serial sections. The 
parasite is herein briefly described. 


The worms, of creamy white colour with the attenuated anterior and ` 
posterior ends and the cuticle finely striated longitudinally, measure 4.3-4.4 
cm. in length. The breadth at head region is 0.104-0.106 mm., at the mid 
body 0.522-0.537 mm. and at anus 0.16-0.164 mm. The simple mouth has 
no lips but the head carries two lateral and four subventral papillae (Fig. 2). 
The oesophagus is divisible into an anterior muscular and a posterior gland- ` 
ular part (Fig. 1) of 0.388-0.492 mm. and 1.269-1.432 mm. in length and 
' 0.074-0.075 mm. and 0.160-0.164 mm. in maximum width respectively. The 
nerve ring and excretory pore lie at a distance of 0.2-0.23 mm. and 0.716 mm. 
respectively from the anterior end. The vagina, before opening at the vulva, 
- forms a loop (Fig. 4) which lies behind the oesophageo-intestinal junction at 
a distance of 3.25 mm. from the anterior - end. The anus is situated ata 
distance of 0.120-0.126 mm. from the tip of the bluntly rounded tail (Fig. 3). 
No papillae could be observed at this region. 


These specimens resemble the material reported by Bhalerao and Rao 
(1944) who had studied a single female specimen recovered from the heart of 
a Black Minorca cock from Hyderabad which was described and. assigned to a 
new species under the genus Bhalfilaria tentatively created for it’s reception. 

Skrjabin et. Shikhobalova (1948), in their comprehensive treatment of this group, 
© have not recognised its validity and accordingly include it amongst the in 
completely known forms. The joint authors” description, however, from a perusal 
of the foregoing account, would appear incomplete in respect of the following 
points (i) two lateral papillae on' each side have been stated to be present at 
the posterior end (such papillae were neither observed nor the pair of large 
papillae, also mentioned to lie at a distance of 0.113 mm. infront of the anus, 
were noted), (ii) the vulva and vagina, not seen by joint authors inspite of 
prolonged observation, are definitely present and distinct in their outline. 


Bhalerao and Rao commenting on this form, appended remarks on certain 
species of other genera like Splendidofilaria Skrjabin, 1923 Chandlerella Yorke et 
Maplestones, 1926, Macdonaldius Khanna, 1933, Paronchocerca Peters, 1936 and 
Cardiofilaria Strom, 1937 and from amongst these the specimen described was 

compared with -Macdonaldius in which, according to these authors, the position 
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of vulva Was also pot discernible while in the T four genera a "distet 
vülva was. present. The difference between Bhalfilaria and Mácdonaldius was 
- -stated to-lie in many respects. In this connection it may be mentioned that . 


-.Khánna (1933), who created the genus Macdonaldius for the filarial worm from » 


^: thé portal vein of North-American snake, had-mentioned that the long vagina : 


' forms a loop just before the opening at the vulva: and therefore the observation. eS, 


^: that in this genus the vulva is not discernible would not be correct,  Átthis :- 


. . Stage when we are not: in possession of the male specimens or particulars 


about. the rnicro-filarial stage Jit is not possible . to : determine- the correct. 


p E identity of. the parasite, which has to await the discovery of male worms. The : 


| present report is thus-a second record of the inciderice of a female filarial worm 
. in the heart of domestic fowl: | 


1 
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GENETIC STUDIES ON | FERTILITY, HATCHABILITY 
AND CHICK VIABILITY IN WHITE LEGHORNS 


BHANU PRATAP SINGH? 
Department of Animal Husbandry, U. P., India. 


From data? relating to 5,570 eggs of 196 single comb White Leghorn 
pullets, set at weekly intervals for 11 weeks. mean fertility was found to be ' 
90.16%, mean hatchability of fertile eggs set 58.89% and mortality among 
hatched out chicks to 6 weeks of age 28.01%. 


Cockerels gave 5.74% and 6.09% higher fertility and hatchability than 
cocks. Viability upto 6 weeks after hatching was significantly (P/_0.05) 
higher from cock matings than from cockerel matings. This indicates that 
progeny from cock matings, if used for further breeding would improve the 
longivity of the subsequent generations. | 


Strain crosses gave lower fertility but higher embryonic and post embryo- 
nic viability than pure strain matings. But none of the results were significant. 
For every 3% increase in inbreeding, chick mortality was expected to increase 
- 2.17% in 6 weeks. 


‘An increase in 5 more eggs set per pullets gave 0.32% and 2.88% 
rise in fertility and hatchability of fertile eggs. 


From the hatching results of this investigation it was found out that 
eggs weighing upto 56 gms., from birds which normally lay eggs of ‘uniform 
size in clutches of 3, having shape index 72-75.9 and evaporation loss 7-1 1.5% 
on 14th day of incubation give the best hatching results. 


Viability of chicks hatching from eggs weighing upto 56 gms., and 
representing over 65% of the original egg content on hatching was much 
superior to others. Viability of chicks which hatched normally but after 
usual incubation period of 21 days were significantly lower. 


About 14% of embryos died during 6-14 days of incubation and 70% 
during 18-24 days. 30% of the overall embryonic deaths were due to various 
malpositions which represented 10% of fertile eggs. 


Heritability estimates on arc-sine {proportion scale for fertility, hatcha- 
bility of fertile eggs, embryonic and post embryonic viability by full-sib 
correlation method were 23.8%, 3.7%, 12.8% and 53.8% respectively. 


Selection of pullet families with higher maternal effects and cockerels 
for better general combining ability, promises rapid improvement of fertility. 


AS i ict isa A ie mice es Rai E EE TNT NT 
l. Present address : Department of Animal Husbandry, University of Minnesota, U.S.A, 
2. The data wag collected during 1960-6] at State Poultry Farm, Mathura. 
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Ue Y I, —3. 72 Fertility + Hatch per cent of fertile eggs. 
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Specific combining ability was found to be more important for embryonic 
_ According’ to this vatan maximum genetic gains. can be expected 


by testing a minimum of 10 pullets per dam and 25 eggs per npe for hatch .. 
per cent of total eggs set. — | 


High genetic correlation, of fertility with h hatchability embryonic. udis 


a 


fertility of cggs for genetic improvement of all other traits. 


' On the basis of above findings the: indices giving telatively optimum 
economic emphasis on concerned characters are: 


Ier 92 Fertility 4-1. 53 Embryonic viability of fertile eggs+ Post oe 
e SHG viability (Upto 3 Mee 
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| post embryonic viability indicates that more emphasis should be placed on , 
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STUDIES ON THE BIOLOGY OF THE GRAYLING ` 
| THYMALLUS THYMALLUS L., TOGETHER WITH AN. 
INVESTIGATION. OF THE MINUTE: ANATOMY . OF ITS | 
ALIMENTARY CANAL | 


CHANDRA PAL Smor E 
Lecturer + in Koology, Agra College, Agra. 


r. "The distribution of grayling i is dealt with especial reference to Britain. 


p 2. The physico-chemical eouditons (temperature, pH, ae dad ane, 


_ and oxygen SORS of the Hampshire River Avon at Great Durnford are re- 
corded. É 


3. The EN E of the ne ¿ol ie Avon at. Great Dos 
is ne and seasonal changes i in it discussed. : | 


A, ' The food of 305 | grayling caught at di. tinies of the year Kon i 


the Avon and its tributaries is studied by analysis: of the gut contents.. The 
_ food consisted of a great variety of animals, mainly from the. river bed. | 


5. The feeding habits of TEM under tl -conditions haves 
E eca studied. Gut analysis and experimental resülts both suggest a correlation 
- between different size, kind and pos of food organisms eaten by gray- 
ling of different. size. : 


6, Easily accessible. and more actively moving animals are more readily 
eaten by grayling. pec 


7. No seasonal fasting occurs in grayling, but feeding dosi. down after 
mid-summer. It is suggested tag the feeding of DM is reduced at higher 
temperatures. H | 


8. Of the structures ind, the scales of — wére found to De 
most satisfactory for ite study. of growth and age 


.9. Growth is rapid ae the first and second yes age group, after 
_ which it slows down. - | 


10. “There was no statistical difference: ‘between: the lengths attained by 
male and female grayling of comparable age. 


11. Generally males reach maturity earlier i. year age group) than fe- 
males (2 year age group). 


12. No spawning marks “occur on gravling scales. It is van that 
this may be correlated with continuóus — De the fish throughout the spaw- 
ning period. 
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13. Narrow rings are formed on the scales in July August and probab- 
ly in September. The period of rapid growth in grayling is. from March—. 
June—July. : 


14. Grayling spawn in March/April. The time taken by grayling eggs 
to hatch varies from 18 to 25 days according to temperature. 


I5. The condition factor Kn was investigated for male and female 
grayling. 


|. 16. Echinorhynchus truttae was found as a parasite in the posterior part of 
the alimentary canal of grayling. | 


17. An attempt has also been made to correlate the growth and distri- 
. bution of grayling with the factors of environment. On the whole, grayling . 
appears to be a ‘non-exacting’ species. i 


+ 18. Seasonal variations in the temperature of the river water appear 
largely to affect the physiology of the fish through basal metabolism, maintain- 
ance requirement, relation condition factor, conversion and absorption of 


food, etc. ` 


19, Grayling has been found to have a lower degree of optimal tempe- 
rature requirements in comparison to trout. 


.20. The alimentary canal of grayling can be distinguished into : mouth, 
buccal cavity, pharynx, oesophagus, stomach, intestinal caecae, and intestine. 


91. The oral orifice is moderate in size and ventral. 


22. Small conical teeth are present on the upper jaw. A tongue is pre- 
sent. The pharyngeal teeth are present on two small oval pads. 


23. ‘There is no distinct demarcation between the oesophagus and the 
stomach. The stomach is distinguished into the cardiac, cardio-pyloric and 
pyloric regions. 


24. The pyloric valve is present in the form of extreme constriction of 
the muscularis at the posterior end of the pyloric region of stomach. 


25.. Numerous pyloric caecae are present. 


26. The intestine is almost uniform in its histological structure through- 
out and there is no demarcation between the intestine and the rectum. 


27. Taste-buds are present on the labial palps, tongue, buccal cavity, * 
pharynx and the anterior-most portion of the oesophagus. Their number de- 
creases gradually from the labial palp to the oesophagus. 


A STUDY ON THE PHYSIOLOGY OF DIGESTION 
: IN COLISA FASGIATA (BLOCH & SCHNEIDER) 


V. P. AGRAWAL AND Raj Vm SINGH | P 
Koology Department, D. A. V. College, Muzaffarnagar. T 
| Contents / 
Introduction. | 
Historical Review. me 
Material & Methods. | a " 
pH determination of the gut under different conditions. i 
Qualitative estimation of digestive enzymes in the gut of the fish. 


Summary. . 
References. 
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- INTRODUCTION ^ 


During the Collection of the local fish fauna of Muzaffarnagar district, 
it was found that the fish, Colisa fasciata (Bloch & Schneider), also known as 
-Trichogaster fasciatus is of very common occurence. The fish is of very wide 
distribution and is abundantly available in North East India, Burma and 
. Malaya. 


i 


The fish, collected from the rivers, streams and small ponds of the 
- locality, could be easily. reared in the aquarium and survived under artificial : 
conditions, for months together without any extra precautions, - 


By the study of the gut contents of the freshly collected fish, it-was. 
found that the fish mainly feeds ón large algal filaments, but the starved - 
. fish could also be fed on animal plankton. 


"The mouth of Colisa as described by authors (1961), is a small ied 
situated on the dorsal side of the snout; the fish, occasionally, comes on the 
-surface tó engulf atmospheric air. The rest of the alimentary canal consists of 
the buccal cavity, pharynx, oesophagus, the cardiac stomach, pyloric stomach, 
long and very much coiled intestine, which has a` pair of caeca at its junction 
with the stomach. The intestine insensibly pure into the small rectum. 


The liver is a large brownish mass, covering the, oesophagus and the 
stomach; the gall bladder ig a conspicuous bag,, dark green in colour. 


ca 


—HisToRICAL REVIEW 


2 


The il and histology of alimentary ció ‘of the teleostean 
fishes has been studied by many-workers such as Blake (1930 & 1936), Rogick 
(1931), Sarbahi (1939), Curry (1939) etc. The investigations on the physio- 


i 
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logy of digestion in fishes have been very few. Workers on the food of 


. fishes have made only incidental observations on the physiology. of digestion. 


Rahimullah (1945) instituted a comparison between the physiology of.pyloric 
caeca in the carnivorous fish Ophiocephalus siriaius and the herbivorous fish, 


« Osphronemum goramy. Wigglesworth (1927) has given a very good account of © 
the process of digestion in cockroach. 


ES ^A review of the wórk done on the physiology of digestion in fishes is 


given by Brown (1957). Sullivan (1907) worked on the” physiology of digestion . 


ina number. of elasmobranch fishes. 


"MATERIAL AND METHODS. 


t 


The fishes for this work were mainly collected from “Kali Nadi” which 
runs through Muzaffarnagar. The fishes, for. experiments, were kept in 
aquarium under ‘different conditions. To determine the hydrogen-ion-concen- 
‘tration of the normal feeding fishes, the alive animals were immediately 
dissected after their collection, and the alimeritary canal together with the 


- associated glands were removed. The different parts of the gut were care- 
fully separated and thoroughly washed in distilled «water. Both capillary 


indicator and indicator paper methods were used to determine the pH in the 
different parts of the gut. TEE" 


A few fishes were starved by keeping them in distilled water for about’ - 


.80 hours soas to clear the alimentary canal, and the pH in the different: 
. parts of the gut was noted as above. Finally, a few fishes were. first starved _ 


for about 80 hours.and then fed, for about 8 hours on aperas diets; the pH i in . 
different parts of the gut was again calculated. ut 8 


For the qualitàtive analysis of the enzymes in the different parts of the 
gut and the digestive glands, the extracts of the different parts of the ali- . 
mentary canal were prepared. The living fishes were first starved for about 
a week, to clear off the gut, ard were then dissected in distilled water. ' The 


different parts of the alimentary canal were separated off and were ground. 


up with a little thymol and a few drops of glycerol to form à thick emulsion. 
This was diluted to 10 per cent solution by 50 per cent glycerine. The solution 
after béing centrifuged, and decanted, was kept ina small tube; the rest of 
the tube was filled with toluene. The extracts were allowed to stand. for. 
about 72 hours, before they were tested for différent enzymes. 


> 


pH DETERMINATION 


yoe 


- 


The- dois of pH in the different parts of the diese tract, is 
an important aspect of the study of the process of digestion, for different - 
enzymes act optimally under different ion-concentrations. 


e 


TM 
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The pH of the freshly collected animals was measured as described above. 
The readings of the six fishes were set out in Table 1 and the. dam in 
each case was calculated as given in the table. 


TABLE 1 


Showing pH in the normal feeding fish. l 











Qesopha- | Cardiac Pyloric i Gall 
S. No. gus stomach | stomach Liver bladder | Intestine Caeca * 

pH pH | 'pH pH pH pH . pH 

i 
1 5.6 5.7 5.6 6.3 6.5 5.8 5.8 
2 5.5 5.6 5.7 6.2 6.6 5.7 | 5.7 
3 5.6 5.8 5,7 6.4 6.5 5.8 5.8 
4 5.6 5.7 5.7 6.3 6.5 5.9 5.8 
5 5.6 45.7 5.7 6.3 6.5 5.8 5.8 

+ ] I 2 
Average pH 5.6 5s 5.7 (16.3 6.5 5.0 1 3.8 





^ 


The above table shows that, there is no marked difference of pH in the 
different parts of the gut. The oesophagus, cardiac stomach “and. pyloric 
stomach ‘are more acidic, while the medium in the intestine, Jiyen and gall 
ei is nearer neutrality. 


Brown (1957) has given that the acidity in the stomach of the Teleostei 
is much less marked than in elasmobranchs. According to him the average 
pH in the stomach is 5.6 while that of the bile and gall bladder, in the vicinity 
of 6.4 and.7.2. Al-Hussaini — (1949b) ' found that pH of intestine in Rutilus, 
Gobio and Cyprinus was from 6.12 to 7.72. This shows that the pH in the 
different parts of the gut of Cohisa, as recorded here, is almost the same as 
given by other authors. 

A few fishes were starved for about 80 hours by keeping them in filtered 
water, the pH in the different parts of the gut of these fishes was also tested 
as before. The result of these readings i isset out in Table 2. 
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TABLE 2 | NS 
"Showing pH in the gut of starved a L ME 










Oesopha-| -Cardiac | Pyloric | =- '. 
gus . stomach | stomach, | Liver. 
pH - pH ; i pH 








P E 6.5 6.5 6.8 6.8 6.9, 
" $0. | 6:0 6.5 6.4 6.9 |. 6.8 7.0 
d.a 61 | 5.9 6.5 6.5 7.0 6.9 7.0 

Average pH . 6.1 E "59 7 6.5 | - E 6.8 * 
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The above table. Shows that the pH i in- the gut of statved fishes become... 
. less acidic than in the normal feeding fishes. This change.is more pronounced - 
_in the pyloric stomach and intestine." This difference may bé due to the fact ; 
-that the pH in the normal fishes ` is interfered by the presence of food: in the 
. gut; while in the starved fishes, it is pH only oF the . internal' ‘secretion with: in 
_ the lumen of the Gilt Fee ues o 

It implies, therefore, that thé pH i in the pyloric. stomach, intestine "T 
“caecum, where: the. process of digestion is. active, is more or less. towards 


ae 


s , 
a 
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-A few a “were e ed for About. 50 koun aiid then. fed On E 
TFE diet such as animal plankton for about 8- hours; the pH in the - i 
; different parts of the gut in these animals was, as set out in Table 3 


a 


pese ug CDAmk 3 T 3 po ee ee 
Showing pH in the ¿ul of fishes fed o on selected diet”. EISE: 


B 





E eom Cárdiac Pyloric A LoT ve A ET 
S.No.: | gus stomach | stomach |. Liver’ Intestine |' Caecuim | Rectum ` 
uf, eee SBE i BENE pH- | pH |. pH pH. 
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: When all diese three ius dre. compared, it: is found that the ieee 

feeding only slightly alters the mediuin i in the different pan of the gut rors 
cially. with MP to stárved - fishes. As 

Quaxrrmivé EsTa mó OF. Ez vus i IN THE, , DIFFERENT Parts OF THE GUT . 

SE UN Corsa FASCIATA E 

Yonge (1954) has stated that there i is a ‘definite correlation between: the 

food of any animal: and - the nature. and relative strength of its digestive. 

B ad me a Dd = | 


The following experiments , were “performed, ‘in - order to investigate as 
. to where the digestive enzymes are .secréted. The extracts were prepared. as 

. described before and Were, tested for various aes with respect to ca sca 
. drates, portus and fats. 


` The following. experiments | were perfoimed i in order to investigate the i 
e different enzymes: eo A | | | 


Amylase—In order to. ate dé piesen or absence df amylase, a 
few drops-of the.tissue suspension from the different regions ofthe gut; ‘were . 
incubated with a few drops of 0.5% boiled starch solution and the rest of the. 
tube in each case, was filled with toluene. “Another set of tubes with a few 
drops of boiled .extracts'and a few drops of starch solution, also filled with . 
toluene, acted as controls. The incubated | solutions were ‘tested for amylase, 
after different intervals with the iodine” solution,- it was found that the colour 
-of the iodine remained unchanged 1 in the cases where the starch had been 
hydrolysed, while in all the” control experiments: anid some others, where the 
- starch was not digested, the colour of the iodine had changed to blue. The 
, potassium-iodide-iodine. test also confirmed the results. ma : 


The incubated solutions, with positive sas were further: tested dor d 
maltose, which is the first product of the hydrolysis of starch, by the picramic ` 
acid test. Four drops of the incubated solutions, one drop of 10% sodium- 
hydroxide solution and: ‘two drops. of saturated aquous solution of picric acid 
were kept for about 15 minutes in an electric-oven at 60° C.; the... yellow 
colour of the picric acid had changed to. reddish brown AS of .picramic 
acid, wherever the starch had hydrolised. For further. confirmation, Fehling’s 
test and Benedict's tests. were - also peto: wah gave the results as set 
out in the different tables. 


Maltase—A 2% maltose solution.- was similarly incubated with a few 
‘drops of the different extracts from the different parts of the alimentary canal 
of the fish. After 24 hours a portion of-the mixture was tested for glucose 
by the osazone test. A few drops of the incubated mixture with a few drops 
of phenyl-hydrazine-reagent ‘were kept in the oven for about half an hour at - 
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100° C.; the Sello crystals formed in the misi were e examined uides the 
euge ie to see if the needle-shaped crystals of glucose-osazone are present. 


To confirm the presence of maltase, Barfoed’s test for -monosaccaride 
was performed. A small quantity of acetic.acid was added to a solution of 
copper acetate, which is used to restrain the action of disaccharide, 4 reddish- 
brown precipitate appeared, where the maltose had been digested. | 


Lactase—A 2% solution of lactose was also incubated with a few drops 
of the extracts from the different parts‘of the gut; the control experiments” 
were also set out in all these cases. The digestion of the lactose into glucose. 
was tested by osazone and Barfoed's tests. The results are set out in 1 different 
tables given in the following pages. 


| Invertase—A few drops of 5% sucrose ‘solution were incubated with a 
few drops of different extracts. The incubated solutions were tested by 
Benedict’s and’ Fehling’s tests, the results are given in the different tables. 


Glycogenase—A few drops of the saturated solution of glycogen were also” 
incubated with a few drops of the different extracts; the solutions were tested 
for the presence of anylreducing sugars by the Benedict’s and’ Fehling’s. tests.- 


Raffinase—A 195 solution of raffinose when similarly incubated with differ- 
ent extracts, and tested for glucose, gave in almost all cases, the negative results. 


Inulinase—Similar experiments were performed with respect to a 1% 
solution of inulin and: the results are tabulated in the following pages. 


Sálicinase—A 1% salicin solution was also incubated with the extracts 
and the results. are tabulated. Le 

Lipase—The presence of lipase was investipated' by experimentation on 
condensed milk. Two-drops of bromo-thymol blue were added to 25 cc. of a 
10% solution of the condensed milk. To this solution was added, 1% sodium 
. hydroxide solution until the mixture turned light blue in colour. In. each 
case, 1 cc. of blue milk solution and a few drops of the different extracts were 
incubated in a tube, the rest, of the ¿tube was filled with toluene. After a few 
hours of incubation the colour of the milk, wherever the fat had- been digested, 
had changed to yellow. The control experiments, on the other hand, did 
not show any change in the colour of the milk. - 


| Tó confirm these observations, another test was performed with olive oil. 
10 drops of olive oil were dissolved in 4 cc. of absolute alcohol by thorough 
shaking; 4 cc. of hot water were added to this mixture. To this mixture, 
when it had cooled, 10 drops of phenol-red were added. A few drops of 0.01- 
.N NaoH were added to make the emulsion faintly’ pink. 2 cc. of this mixture 
were incubated with 1 cc. of.the different extracts. It was observed that after 
a few minutes the pink colour of the mixture had changed to yellow, confirm- 
ing that the fat has been digested in these cases. 


Proteases—The digestion of proteins was tested by incubating 1 cc. of 
10% gelatine with 1 cc. of the different extracts. The gelatine in those 
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cases where proteases are present, gets liquified after about 24 hours; in the 
control experiments, on the other hand, the gelatine remained in the solid state. 


To summarise these results, the following tables are given with respect 
to the extracts from the different parts of the gut. In all instances the pH of 
the extract was noted before and after the reaction, which remained almost 
unchanged. . 

The sign ++, as given in the tables, denote a vigorous reaction; sign + in- 
dicates a definite positive reaction; + means traces of reaction while the sign — - 
means no reaction at all. E | 

TABLE 4 


Showing the presence or absence of the enzymes in the liver of the fish. 


r ` 











Duration of reaction and extent of digestion Control 
Substrate experiments 
- l After 72 hours 
After 24 hours After 48 hours After 72 hours ; 
1% Starch ++ ++ | ++ — 
solution 
Saturated + 2 + ' == 
solution of — 
Glycogen S í 
5% Sucrose + TE Tor FH 
solution 
2% Maltose == mem ne = 
solution 
2%, Lactose — — A — 
solution 
-1% Raffinose Es ++ Pt ons 
solution f 
` . Y UP A PE 
195 Inulin + TE ++ — 
solution ; 
1% Salicin + ; ++ ¡ ++. — 
solution 
1% Gelatine Gelatine is liquified after about 30 hours - | Remained solid 
solution 
Condensed . Colour changed to yellow after 15 minutes 
Colour unchanged 


milk etc. 


* 
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The Table 4 shows that most of the carbohydrates are digested by the 
enzymes secreted by the liver-cells of the fish. However, maltase and lactase are 
completely absent. The proteases, though not very strong, are also present. 


The extract of the pyloric caeca from a few fishes was also prepared 
and the experiments with the different substrates. were set up as before. . The 
results, after different intervals are tabulated in Table 5, 


TABLE 5 


Showing the presence or absence of the different enzymes in the pyloric caeca. 





Duration of reaction and extent of digestion Control 


Substrate experiments 
After 72 hours 





After 24 hours After 48 hours After 72 hours 





1% Starch — ` — — — 
solution i 


A CUIU Lc | RR EN emm n a a d 


Saturated + + + as 
solution of 
Glycogen 


AA Id 


5% Sucrose + + + - 
solution 


— 


2% Maltose — — — a 
solution 


AD tit n m | tinte MM] !HÓ—— G MÀ P ——— i UÓ o O MM S M HM Arn er a a iih ee e 


2%, Lactose — | = e " 
solution 





1% Raffinose — a — l E 
solution : 


PE eee ener E ML ee HR —Ó — | 
A O (ÓÓÓ 


1% Inulin — = = 
solution 





1% Salicin . fs a E = 
solution 


10% Gelatine . Remained solid Remained solid 
solution 





Condensed Colour remained unchanged Remained 
milk etc. 
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The Table 5 shows that caeca take but little part in the digestion of food. 


Among carbohydrate hyrolysing enzymes, only weak glycogenase and sucrase 
"are present; the proteases and lipase are also absent. 


Similar experiments were set up with the extract of the stomach of the 
fish and the results are recorded in Table 6. 


TABLE 6 


Showing the presence or absence of the different enzymes in the stomach. 





Control 
experiments 
After 72 hours 


Duration of reaction and extent of digestion 
Substrate f * : 





After 24 hours After 48 hours After 72 hours 


| 196 Starch zs E 
solution 





Saturatéd 
solution of 
- Glycogen 


|t 

I+ 

| + 
| 





595 Sucrose — — 
solution 





2% Maltose EN B 
solution ^ 


295 Lactose — -— 
solution 


195 Raffinose — Las 
solution 


1% Inulin a 1 c 
solution 


195 Salicin — - — 
solution 





10% Gelatine| - Remained solid Remained solid 
solution 








Condensed Colour remained unchanged | Remained 
milk etc. unchanged 
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A 


The above experiments show that no digestive enzymes are secreted 
either in the cardiac or in the pyloric stomach. 


Similar experiments with the extract of the intestine, showed that no 
enzymes are secreted in this part of the alimentary canal either. 


The above experiments on the determination of the hydrogen-ion- 
concentration and the qualitative estimation of enzymes in the different parts 
of the alimentary canal of Colisa reveal certain intersting facts. 


The medium in the different parts of the gut is either neutral or weak 
acidic; no where, it is either strongly acidic or alkaline. According to Bayliss 
(1935), the acidity in the stomach of teleosts is much less, the average mean 
being 5:6. Almost similar results are found by us in the stomach of Coltsa. 
The pH in the intestine of this fish also agrees with the results, as found by 
Al-Hussaini (1949b) in Cyprinus. 


The starvation of the fish slightly alters the pH in the different parts 
of the alimentary canal; which shows that the starvation of the fish, stimulates 
the digestive cells to secrete more actively. E ' 


The experiments on the qualitative estimation of enzymes show that 
the liver is the main organ, where most of the digestive enzymes are secreted. 


SUMMARY 


l. Colisa fasciata is a mud feeding herbivorous fish, feeding mainly .on 
algal filaments. | 


2. The fish «has a small superior mouth, which leads into the buccal 
cavity. The rest of the alimentary canal consists of the pharynx, the oeso- 
phagus, cardiac stomach, pyloric stomach, very long and coiled intestine and a 
small rectum; the large unlobed liver, in its natural position, almost completely 
covers the oesophagus and the stomach. 


3. The hydrogen-ion-concentration in the- different parts of the gut 
differs only slightly with each other; it is only weakly acid, being about 5.6 : 
in the stomach and about 6.7 in the intestine. | 


4. It has been observed that the different enzymes are secreted by the 
liver-cells. i 
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STUDIES ON CHANGES IN CARBOHYDRATES DURING 
HUMIFICATION OF EUPHORBIA HIRTA (DHUDIA) LEAVES 


Man Monan Narain TANDON AND NEWTON RAM 
Chemical Laboratories, Agra College, Agra. 


ABSTRACT 


The percentage of reducing and non-reducing sugars, pectic substances, 
hemicelluloses, non-cellulose polysaccharides and cellulose constituents of non- 
leguminous Euphorbia hirta (Dhudia) leaves humified alone and with soil at 
. 15% moisture level extracted with different solvents have been estimated in each 
extract and at different specific periods. Results show that decomposition of 
carbohydrates is much greater in T. S. (Leaves mixed with soil 1:20) as com- 
pared to O. M. (Humified leaves only). This emphasizes the role of micro- 
organisms which develop in the soil during humification. Decomposition of 
sugars proceeds with the decomposition of non-reducing to reducing sugars 
followed by oxidation. In the case of treated soil (Leaves mixed with soil 
1:20) there is an increase, after 60 days of humification, in reducing as well as 
non-reducing sugars, which suggest the synthesis of sugars by carbon fixing 
bacteria. 


The order of decomposition of these carbohydrates during humification 
of organic matter is as follows : | 

Cullulose> Non-reducing sugars Pectic vibe tances Reducing sugars 
Non-cellulose polysaccharides>Hemicelluloses> Lignin. 


The order of decomposition in treated soil is as follows:: 


Pectic — substances>Cellulose>Non-cellulose  Polysaccharides>Non- 
reducing sugars Reducing sugars>Hemicelluloses. 


From the data ofthe organic carbon, total nitrogen, mineral nitrogen 
and C:N ratio of the samples, it appears that C:N ratio decreases in all 
cases. The decrease is maximum in leaves when humified alone. From the 
increase in ammoniacal and nitrate nitrogen and greater decomposition of 
carbohydrates in T. S., it has been suggested that Euphorbia hirta (Dhudia) 
an abundantly found non-leguminous weed may increase the soil fertility if 
used as a potential green manure. 


INTRODUCTION 


The soil organic matter is mainly derived by the decomposition, of plant 
and animal residues, by the action of soil micro-organisms. The activity 
of soil micro-organisms leads to two main products—Nitrogen (as nitrate and 
ammoniacal nitrogen) and Carbon dioxide—which are essential for the growth of 
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higher plants. The cell contents of the plants are rich in proteins and sugars 
while the rest of the structural material contains high polymers of sugars, fats 
and proteins. A. I. Schtshukina! observed that the addition of aqueous extract 
of straw containing pectins and sugar etc., increases the size of soil aggregates 
thus leading to better plant growth. James. P. Martin’ also says that 
polysaccharides bring about aggregation of the soil. Carbohydrates on decom- 
position, aerobically and anaerobically, form carbon dioxide through the 
- intermediate formation of organic acids like maleic acid, fumaric acid, lactic 


acid and oxalic acid etc. 


The importance of carbon dioxide for the soil and growing plants can 
be judged by the work of Lundegardh? and others—who reported that the 
carbon dioxide liberated by decomposition of soil organic matter tends to 
counterbalance the deficit, in normal atmospheric concentration, created by 
the assimilation of atmospheric carbon dioxide by the growing plants in the 
field. Meyer and Anderson? have reported that the carbon dioxide concen- 
tration in the atmosphere is the factor most frequently limiting the photosyn- 
thesis of well lighted plant tissues. D. Fehr* observed that carbon dioxide 
‘content of the air in wood is conditioned by the simultaneous respiration of 
soil and is considerably influenced by the acidity of the soil. A. Rippel and 
H. Bortels5 said that Aspergillus niger develops poorly in an atmosphere 
deprived of carbon dioxide and it. is concluded that carbon dioxide is itself 
necessary for the plant cell. G. E. Rockwel and J.H. High Beyer? said that 
Bacteria, yeasts and moulds require carbon dioxide as a source of carbon. 
M.S. Raju? observed that carbon dioxide production was increased by the 
addition of carbohydrates, starch, cellulose and glucose. Maria S. Calaladi? 
said that an aerobic attack of bacteria on cellulose produces a colloidal sub- 
stance which improves physical properties thus making it more resistant 
towards soil erosion. Richard and Norman!? suggested that leguminous plants 
decomposed more rapidly because of their higher nitrogen content and that 
a specified amount of nitrogen was necessary for rapid decomposition.- 
Liesche!!! and Daji? observed that a balanced proportion of the available 
nitrogen and carbohydrate compounds in the plant materials controls its 
decomposition. With this aim in view we have studied the decomposition of all 
carbohydrates in the leaves of Euphorbia hirta on humification and its effect 


: on the fertility of the soil. 


EXPERIMENTAL 


For our experiments the weed Euphorbia hirta was collected, and its 
adhering soil was removed. The plant was divided into three portions i. e., leaf, 
stem, and root. All portions were dried in shade. Then they were powdered 
and sieved through 60 mm. mesh. The soil was collected from a cultivated 
land. Several pits were dig at the distance of one yard each, and from 
each pit soil was taken after 8 inches of depth. Soil collected from these pits 
was mixed, dried in shade and sieved through 100 m. m. mesh. 
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Finely powdered leaves (10 g) of Euphorbia hirta were successively 
extracted with 70-80% hot ethanol, 4% cold NaOH, 17.5% NaOH, and 
72% H,SO,. Each extract was made to a known volume. The reducing 
sugars, total sugars and pectic substances im 70-80% hot ethanolic solution 
were estimated by lead clearing method as recommended by Loomis and 
Shull'3 and estimations were done by Benedicts solution (Haas and Hill). 
Residue after extraction with 70-80% hot ethanol was treated with 200 cc of 
495 NaOH (James Bonner!) and shaken in a mechanical shaker for two 
hours. This extract containing hemicellulose was filtered and divided into 
two portions: one portion was neutralised by adding a little excess of HCl 
and precipitate was. filtered, washed and weighed as hemicellulose and the 
other portion was hydrolysed by 5% HCl nearly at 100°C for. 3-4 hours. The 
excess of the. acid was neutralised by adding a little excess of NaCO, before 
titrating with Benedicts solution. The residue obtained after treatment with 
..495 NaOH was extracted with 17.5% NaOH by shaking in a mechanical 
shaker for 2. hours. 'The extract was filtered and divided into two equal 
portions: one portion was neutralised with little excess of HCl and filtered. 
The precipitate so obtained was dried and weighed as non-cellulose poly- 
saccharides. The other portion was hydrolysed with 5% HCl nearly at 100°C 
for 3-4 hours. The excess of acid was neutralised by adding a little excess of 
Na,COy before titrating with Benedicts solution. The residue obtained after 
treatment with 17.5% NaOH was treated with so much 72% H,SO, that 
would cover the residue. ‘After one hour this acid was diluted with distilled 
. water and allowed to remain as such for two days. Then this was refluxed 

. for 3-4 hours, cooled and filtered. The filtrate which contained hydrolysed 
cellulose was neutralised with excess of Na,CO, and filtered. After filtration 
it was treated with animal charcoal and titrated with Benedicts solution. The 
residue obtained after 72% H,SO, treatment was washed thoroughly with 
distilled water till it was free from acid and weighed as lignin. 


umi of the leaves alone and mixed with soil was done by techni- 
que of Crowther and Mirchandani!? and Dajil? for decomposition of plant 
materials. In our experiments 600 g of finely powdered leaves were mixed 
with 90 g of distilled water and total amount was maintained at 690 g for 
a fortnight by adding the required amount of water on alternate days. After 
a fortnight 60 g of the organic matter (Leaves alone), under humification 
study, was taken out, and dried in shade and weighed. By taking the diffe- 
rence of weight of O. M. before and after drying and deducting the weight 
of water contained in 60 g of organic matter, decomposition of organic 
matter during this"period was determined. Now after first fortnight the weight 
of O. M. under humification was maintained at 630 g for a second fortnight. 
Second sample was taken out, dried and weighed, and the decomposition for 
every fortnight.was determined. At the end of 105 days it was observed that 
decomposition of leaves was 40% under humid condition, 
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By mixing the soil with Euphorbia hirta Leaves (5%) and keeping the 
same percentage of moisture, decomposition was determined by the same 
procedure as above. Decomposition .in treated soil at the end of 105 days 
was 4.1%. The soil left to itself under the same condition, lost (in weight) 
nearly 1.1%. . The decomposition of O. M. in treated soil, therefore, is 
4.1 —1.1=3 g out of 5 g leaves added. Thus the percentage decom- 
position of the leaves in the soil under humid, condition is 60%. The car- 
bohydrates in treated soil and soil alone were estimated by the same method 
as adopted for leaves. In soil carbohydrates were estimated béfore and after 
105 days only, because the soil contains a very small amount of carbohydrates. 


The organic carbon was estimated by Walkley and Black's rapid titra- 
tion method (Piper!?. The total amount of Nitrogen was determined by 
' Salicylic acid method (Loomi and Shull?) and the nitrate and: ammoniacal 
nitrogen by the method of Knowles and Watkinsi8. 


In.the following tables, Table 1 represents changes of carbohydrates 
in O. M., Table 2 represents changes of carbohydrates in treated soil and 
Table 3 shows the percentage of organic carbon, total nitrogen, total car- 
bohydrates, mineral nitrogen, organic nitrogen at different periods in O. M., 
T.S. and Soil. Table 4 represents percentage fixation and decomposition 
of total carbohydrates, organic carbon, organic nitrogen, nitrate nitrogen. 
Table 5 represents percentage fixation and decomposition in sugars, pectic 
substances, Hemicelluloses, non-cellulose polysaccharides and cellulose. 


DISCUSSION 


Table 5 shows that reducing sugars (obtained from 70-80% ethanolic 
solution) decomposed to 49% and 73:15% in O. M. and T. S. (Leaves humi- 
. fied with Soil) respectively, at the end of 105 days. The decomposition of 
non-reducing sugars proceeds to the extent of, 92.37% and 79% in O.M- and 
T.S. respectively. Tables 1 and 2 show that after 15 days reducing sugars 
increase in both the cases, this increase in reducing sugars continues upto 45 
days in the case of organic matter and upto 105 days in the case of treated 
soil. This is best explained by considering the role of micro-organisms, which 
may have, attacked the non-reducing sugars and splitted them to reducing 
sugars by some hydrolysing enzyme. It is also cońcluded that the decom- 
position of non-reducing sugars proceeds via reducing sugars. In Table 2 after 
45 days there is slow and -continuous increase in reducing and non-reducing 
sugars which persists upto 90 days. This may be explained by ‘assuming 
either the microbial synthesis of sugars by carbon fixing bacteria (which is also 
supported by the fact that during this period there is an increase in organic 
carbon content of the T.S. persisting upto 90 days) or the hydrolysis of higher . 
polysaccharides by soil micro-organisms which may have developed during 
humification.: Pectic substances obtained by 70-80% ethanol decompose more 
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rapidly in T.S. than inO. M. The decomposition. is-74:68%. and 99:49, in 
O.M. and T.S, respectively. 


Hemicelluloses obtained by 4% NaOH also decomposed more in case of 
T.S. than in O.M. After 105 days, decomposition in case of O.M. and T.S. 
is 31-92%; and 56: 85% respectively. In Table 1 the hemicelluloses content 
shows an increase upto 90 days and in Table 2 the i increase of hemicelluloses 
continues upto 15 days. This increase in hemicelluloses is due to the fact 
that the decomposition of pectic substances to lignin etc.,- proceeds via hemi- 
celluloses. This view is also supported by the work of O'Dwyer.?? 


The decomposition of carbohydrates extracted by 17:594, NaOH .(Non- 
` cellulose Polysaccharides) is 45.04% and 88:4% for the O.M. and T.S. respectively 
at the end of 105 days. The N.C.P. (Non-Cellulose Polysaccharides) comprised ' 
of galactans, arabans, xylans and mannans increase by 165:36% after 15 days 
as shown in Table 1 which is then followed by continuous decomposition of 
N.C.P. In Table 2 N.C.P. increase by 25:84% after 30 days and then 
after 60 days by 71:9% and after this period the increase continues upto90 days. 
After 90 days of humification there is a sharp decrease in N.C.P. content of 
O.M. as well as T.S. For explaining the increase from the original N.C.P. 
content in Tables 1 and 2, it can be suggested that cellulose may have been 


transformed into N.C.P. by some unknown microbial activity. This view. - — 


seems to be more reasonable because there is a decrease in cellulose content 
in the corresponding periods. This increase may also be due to conversion of 
hemicellulosic substance to N.C.P. 


es extracted by 72% H,SO, decomposed to 95:87% and 9474% in 
O.M. and T.S. respectively. Here the cellulose decomposition is almost the 
same in both the cases. ‘Tables 1 and 2 conclusively prove that cellulose 
decomposition which is maximum after 105 days is accompanied by maximum 
fixation of nitrogen (Table 3) in the same period. This is supported by the view 
of H.L. Jensen and R. J. Swaby.*? The maximum decomposition of cellulose 
is useful for the soil since on decomposition of cellulose, colloidal. substances 
are E which deter the erosion of soil as said by M.S. Calaladi." 


W. H. Fuller and A. F. Norman? erete that with the Jerene 
amount of lignin, decomposition of cellulose increases. Our observation in 
Table 1 supports the same view. 


The residual fraction of the O.M. after foregoing solvents 70-80% 
Ethanol, 4% NaOH, 17:5% NaOH and 72% H,SO, and hydrolytic agents is 
taken to be lignin (11:595) which decomposes by 11:8% at the end of 105 days. 
Decomposition of total carbohydrates excluding lignin in O.M. and T.S. is 
66:3% and 80:95% respectively. This emphasizes the role of micro-organisms 
found and produced during humification in the soil. The soil alone does 
not contain any reducing, non-reducing and pectic sugars but the total quan- 
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tity of carbohydrates has been found to be :039% including hemicelluloses. 
The decomposition proceeds by 20:5%. 


In Table 3 data of organic carbon, total nitrogen, mineral and 
ammoniacal nitrogen as well as C : N ratio are recorded for the same samples. - | 
In Table 4, it is observed that in O. M. the amount of organic carbon falls 
by 49:24% in 105 days by self-humification of leaves, whereas organic nitrogen 
increases by 92:68%. The G: N ratio is reduced from 1577 to 426 which 
means the depletion of carbon proceeds quite rapidly or increase in organic 
nitrogen is in fairly good amounts. The T.S. (Table 4) shows a fall in carbon 
by 27:04% and organic nitrogen falls by 1:52% and. C:N ratio falls from 10°55 
to 8:27, which shows that with depletion of organic carbon, organic nitrogen 
is also converted into mineral nitrogen and that is why there is not much change 
in CG : N ratio of T.S. on humification, This slow continuous decomposition 

of carbon followed by fixation of mineral nitrogen will be helpful for the soil. 


The soil when kept at 15% moisture level without adding leaves shows 
much less variation in the C : N ratio (6°55 to 4:75). 


The importance of C : N ratio may be judged from the observations of 
Sreenivasan and Subramanyam?!, Acharya??, Lockette?3?, Bal?4 that when 
C : N ratio of the humifying plant is less than 22, it helps in the mineralisation 
when added to soil and plant with C : N ratio more than that robs the soil of 
nitrogen. The weed (Euphorbia hirta) under humification has C:N 15:7 and 
mineralization in O.M. during humification is 41:35% and in T.S. it is 
158:97%. These observations support the above view of Sreenivasan. 


From the above observations it may be concluded that when the leaves 
decompose either alone or in the soil, oxidation of carbon is higher than the 
decomposition or mineralisation of organic nitrogen.  Mineralisation of 
organic nitrogen is more in T.S, which would serve as nutrient favouring the 
growth of crops. Hence this weed though .non-leguminous may be tried as 
potentialgreen manure for the fertility of the soil. 


It may be noted that the amount of organic nitrogen in O.M. is 2:079%, 
which is higher than 1:895. This supports the view of Richards and Norman”, 
Parberry and Swaby* and Acharya?$, in that the mineral nitrogen increases 
by 159:97% (T.S.) when the leaves are humified in the soil for 105 days. 
According to the observations of Liesche! later on supported by Daji!*, there 
should be a balanced proportion of the available nitrogen and carbohydrate 
compounds in the plant material for its rapid decomposition in the soil. The 
proportion of available nitrogen to total carbohydrates in Euphorbia Hirta 
leaves, according to our estimations is 2:079 : 15'488 or 1:7:44 excluding the 
lignin. The fixation of mineral nitrogen in case of T.S. in 158/9795. "The 
results of Jain and Bhattacharya*® emphasize the importance of Arousa as 
green manure where the ratio of available nitrogen and carbohydrates is 1:3:13 
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. and the fixation of mineral nitrogen in T.S. is 40°51%. Since the fixation of 
mineral nitrogen and ratio of available nitrogen and carbohydrates is more in 
our O.M. it may bs said that more is the ratio of available nitrogen and 
carbohydrates more would be the fixation of mineral nitrogen, thereby Dhudia 
"isasuitable green manure for the fertility of the soil. In order to find out 
the balanced proportion of available nitrogen and carbohydrates, work on 
other parts of *Dhudia' and some other weeds is in progress. 
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SOME UNREPORTED HOSTS OF HELMINTHOSPORIUM 


S. N. CHATURVEDI AND A. K. Kour 
Department of Botany, B. R. College, Agra. 


Helminthosporium, an imperfect fungus of the order Moniliales, is reported 
to occur on a wide variety of hosts most of which belong to the family 
Gramineae (Butler, 1918; Bulter & Bisby, 1931; Butler et. al., 1960). A good 
number of cereals, some of the lárger millets and fodder grasses are often sub- 
jected to leaf spot, the leaf blight or the stripe diseases caused by different 
species of Helminihosporium. In the tribe Maydeae, Helminthosporium has so far 
been reported from Coix lacryma, Zea-mays and Euchlaena luxurans! only. The 
junior author found this fungus growing on certain hosts in'his plant breeding 
plots. A search through the literature shows that these are new hosts which 
are, therefore, being put on record through the present communication. 


MATERIAL AND METHODS 


Parts of hosts carrying the fungal infection were stained with cotton 
blue and: mounted in lactophenol. The spores of the fungus on different hosts 
reported here were measured and microphotographed from temporary 
preparations. de | 


OBSERVATIONS 


The new hosts of Helminthosporium are Euchlaena mexicana Schrad Var. 
B. R. C. (a luxuriant variety described by Singh € Paliwal, 1960; see also 
Koul & Paliwal, 1961), Coix aquatica Roxb., and a new species of Coix*. Large 
populations of all these three species growing in the Botanic Gardens of 
Balwant Rajput College, Agra, displayed symptoms of the leaf spot disease 
during the months of September to November. Most of the plants in each of 
the three populations were found to have been infected. 


Symptoms ofthe disease in Cotx aquatica appear mostly in areas restricted 
to the upper part of the leaf blades; in severe cases only the infection is seen to 
extend to the leaf base. Diseased leaf blades show tiny brown spots surrounded 
by pale haloes (Fig. 1A) which later on elongate further and then turn almost — 
transparent. Át a still later stage .the affected leaves start drying up along the 
diseased spots. In the new Cow sps. leaves of mature plants develop brown linear 
spots which are surrounded by a yellow halo (Fig. 1B). When the attack is 
severe, several diseased spots coalesce to form long transparent stripes along 
which the leaf gets shredded during later stages. 


The disease in Euchlaena mexicana var. B. R. C. makes its appearance 
with the development of small brown spots (Fig. 1C) which with the passage 


1. Syn: Euchlasna mexicana Schrad. 


2. A new species of Coix described by Koul & Paliwal (1962) and still under investi- 
gation. 
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of time donat considerably and fuse to form brown linear streaks that run 
parallel to the mid rib. Severely affected leaves dry and fall off. 


Though the disease in all the three plants was wide-spread, in no case 
did it result in the death. of the host plant. Low -temperature and greater 
humidity are probably the two most favourable environmental factors for the 
growth of this fungus. 


Spore Characters—Mature spores of Helminthosporium are yellow to olive in 
colour, straight or slightly curved and multiseptate. Scrapings from the infected 
leaves of Coix aquatica display spores which are mostly straight, deep brown or 
pale yellow in colour with 2-8 septa. The spores taper at both the ends and are 
broadest at the centre (Fig. 2). The size of the spores varies from 100X 34u 
to 183 x58H and it averages 126 X 42p. 


The spores obtained from the infected leaves of the new Coix sps. are 
deep brown in colour with 2-6 septa (Fig. 3). “The size of the spores in this 
case averages 54X16 ranging between 100x334 and 300x674. The 
spores appear less chisseled and in fact- they are broader than those collect 
ed from Cotx aquatica. Prominent constrictions appear on both sides of the 
septa. When infected leaves of Euchlaena mexicana var. B. R. C. were teased 
in a drop of lactophenol large masses of spores got released. The straight, 
olive coloured spores (Fig. 4) with 2-6 septa average 121 x 43 # in size. These 
spores have more resemblance with those of the pathogen on Cotx aquatica. 


The spore measurements of the fungus on the three hosts were compar- 
ed with other speciesrof Helminthosporium (e. g., H. avenae, H. carbonum, 
A. gramineum, H. maydis, H. "nodulosum, H. oryzae, H. sacchari, H. sativum, H. 
teres, H. turcicum, etc. See Gilman (1957) & Sprague (1955)) occurring on various 
members of the Gramineae. The size of the spores does not seem to resemble 
any of these species. Further studies to find out whether the pathogens under 
discussion are new species of the fungus are in hand. The present communica- 
tion is aimed to put on record some hitherto unreported hosts of Helminthosporium. 


SUMMARY 


_Helminthosporium has been collected from three forage grasses namely, 
` Coix aquatica, a new species of Coix with 32 chromosomes and Euchlaena mexicana 
var. B. R. G. The spores collected from Coix aquatica and Euchlaena mexicana 
resemble each other while those collected from the new Goig sps are slightly 
different in size and shape. 
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IA, B& OC. Parts of diseased leaf blades of Coix aquatica, new Coix sps and Ew- 


chlaena mextcana var. B.R. C. respectively. Note: Brown diseased spots in A 


surrounded by a pale yellow halo. B shows prominent brown spots while in C 
prominent disease spots are noticeable all over the leaf surface. 


Figs. 2, 3 & 4. Showing conidia of Helminthosporium on Coix aquatica, a new Coix 


sps. and Euchlaena mexicana var. B. R. C. respectively X 2160. 
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A NOTE ON THE DOUBLE PORED DILEPIDID TAPE WORMS 
OF SOME OF THE INDIAN CARNIVOR ES 


V.P. GUPTA — | 
Department of Parasitology, U. P. College of Vet. Sc. & Ant. Husb., Mathura. 


INTRODUCTION 


The members of the cyclophyllid family Dilepididae (Railliet et Henry, 
1909) Lincicome, 1939 with a double set of reproductive organs have been 
included under its sub-family Dipylidiinae Stiles, 1896 which, according to 
Yamaguti (1959), has the three genera Dipylidium Leuckart, 1863, Diplopylidium 
(Beddard, 1913) Lopez Neyra, 1927 and Foyeuxiella Führmann, 1935. 


Sondhi (1923), in a study of tape worm parasites of Indian dogs, has 
dealt with the species D. sexcoronatum Ratz, 1900, D. oerlyi Ratz, 1900, and 
a third one described by him as a new species, D. walken. Another new 
species from cat, D. catus, was described by Gulati (1929) who gave remarks 
on the systematic position of Dipylidium, Diplopylidum and Joyeuxiella with a 
list of the species included in these genera. According to Southwell (1930), 
the species parasitic in Indian carnivores were D. caninum Linnaeus, 1758, 
D. gervaist Setti, 1895, and D. sexcoronatum. The reports on these tape worms 
that are subsequently available are of Acharya (1933) about D, caninum, 
Bhalerao (1935) on D. catus and Diplopylidium nolleri Skrjabin, 1924, Sami 
(1938) on D. caninum, Rao (1939) on Joyeuxta chyzeri Ratz 1897 from cat, 
Mudaliar and Alwar (1947) about Joyeuxiella pasqualei Diamare, 1893 from 
cat in Madras and Bhatia et. al., (1959) on D. gervaisi in domestic cat. In these 
reports, including those of Ramanujachari and Alwar (1954), Thapar (1956) 
and Rao (1958), the work on tape-worm infestation in dogs and cats is mostly 
a systematic reporting from morphological considerations and the pathogenic 
effects evinced in. the parasitised animals have received little or no attention. 


MATERIAL AND METHODS 


A collection of tapeworms from dogs, examined both locaily and at 
Gorakhpur, two cats and three foxes (Vulpes bengalensis) has yielded specimens 
belonging to the two genera, Dipylidium and JFoyeuxtella. The former is repre- 
sented by the species D. otocyonis Joyeux et. al., 1936 and D. caninum and the 
latter by F. pasqualei, D. otocyonis does not seem to have been reported from 
this country and is, therefore, a first Indian record with a new host record as 
well, A fewsalient anatomical featuresand a brief account of histopathologi- 
cal picture of the intestinal lesion harbouring the embedded scolices in these 
dilepidid infections and the associated reactions revealed in the surrounding 
tissue are briefly described in the present note in respect of D.-olocyonis and 
| J. pasqualet, | 
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The genus Dipylidium, with a large number of species, parasitises dog, cat, 
wild carnivores and occassionally young children. As cited by Wardle and 
McLeod (1952), the twenty species then known under this genus were revised by 
Lopez-Neyra (1928), who recognised only thirteen, species and gave a key for 
their identification. Witenberg (1932) has been stated to believe that there was 
only one'species, D. caninum which had D. sexcoronatum, D. oerlyi, D. walkeri, 
D. carracidoi Lopez-Neyra, 1928 and D. porimamillanum Lopez-Neyra, 1928 
as its synonyms. This view, as stated by Wardle and McLeod, was not accepted . 
by Stewart (1939) while Venard (1938) had recognised, under this genus, only 
three species as valid for which a key was also appended. 


Amongst the seventeen species listed by Yamaguti (1959), excepting D. 
caninum, D. buencaminot Tubangui, 1925, D. catus, D. genettae Gervais, 1847, D. 
monticell: Diamare, 1893, and D. otocyonis, and the rest have been named as 
synonyms of D. caninum, after Witenberg. 


I. D. otocyonis. 


Specimens assignable to this species were collected from one of the three 
foxes examined post-mortem. The minute scolex, 0. 316 in maximum dia- 
meter, carried a globular rostellum of 0.085x0.09 in size and with an arma- 
ture of rosethorn shaped hooks arranged in four rows—those in first two 
rows being 25-27 u long and with the basal disc of 12.9-16 # in diameter 
but in the subsequent rows with diminishing size, had in the last row the 
smallest hooks of 11 y in length 'with the basal disc of 6.4 diameter. The 
four spherical suckers measured 0.116-0.150 in diameter. The neck part 
is followed by a series of immature segments, broader than long but gradually 
increasing in length posteriorly. The mature segments, on the whole, are as 
long as broad in the beginning but later become longer than broad. The gravid 
segments, longer than broad, have a length greater than the width. The geni- 
tal pore, in mature segment, lies near its middle. The testes, 150-180 in 
number and lying between. the longitudinal excretory canals, are 40-90 x 
40-70 u in size. The vas deferens, of an extremely coiled character, lies 
anteromedially to the genital pore and the cirrus sac, 148-163 x 48-52 u in 
size, is situated across the longitudinal excretory canals. The bilobed ovary, 
with many follicles, occupies a total area of 0.10-0.113x0.10-0.166 
with the vitellaria, lying just posterior to it, occupying 0.077-0.089 x0.107 
. -0.115 area. In the gravid segment the egg capsules have in each 2-8 
eggs and measure 0.048-0.074 x 0.041-0.056 in size and lie scattered between 
the longitudinal excretory canals. The eggs are 14.8-22 p in diameter. 


Pathogenicity. There is no reference, in the available literature, about . 
the relation of this tapeworm to the host tissues. The specimens, in very 
large numbers, were found with their scolices embedded in the mucosa. 
Histological examination of such patches, from serially cut stained sections, - 
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revealed that the worms burrowed deep into. the mucosa but did not ieac 
the submucous part and the rostellüm -alone seemed" to maintain quite a firm 
hold on the host tissue. The comparatively weak suckers did not play any 
prominent part in this direction. The’ harmful effects thus result mainly 
from the mechanical injury consisting of a marked denudation of intestinal 
mucosa which, from its ulceration, may pave the way for secondary infection. 


No marked cellular-elements appeared to have infiltrated in and around the 
areas of' attachment. 


| The present form, ón account of large-sized hooks in the first and second 
row of rostellum, can not be accommodated in any of the species that have 
been listed by Lopez-Neyra but following Venard, who had characterised 
D. otocyonis as having four rows of rostellar hooks which in the first three 
rows measured 42-26 u(?? may be 26-42 M). The present material, on this 


character, is identified as belonging to D. otocynis which is for the first time 
being reported from the Indian fox. 


The genus Foyeuxiella, with the genital opening Alle that in . Dipylidium, is 
characterised by the testes being less than 90 in numiber and the egg cap- 
sules, in ue pue segment, nme one egg in each, 


Zr. pasquale 


A large number of specimens beloneae to this genus were collected from 
the two cats available: for examination. The worms, with scolices deeply 
embedded in the mucosa, had a well-developed’ rostellum carrying a large 
number of-rose thorn shaped hooks. The histological study revealed the 
scolices, lying deep in the intestinal mucosa, with a fairly ‘stretched out 
rostellum which appeared: to play the main role in effecting a firm hold 
during attachment, the, activity which particularly in heavy . infections, may 
cause to its mucous lining a serious damage consisting of denudation, haemorr- 
hage and destruction of intestinal glands of the area. The comparatively 
powerful suckers also appeared to assist.in effecting the hold as in their cavi- 
ties plugs of the intestinal mucosa, which. later became necrosed, were obser- 

ved. No marked cellular reaction was exhibited in the areas of attachment. 


The worms, with 250-300 proglottids, measure 250-350 in length and have 
quadrangular scolex, not sharply demarcated from rest of the body and with 
a maximum width of 0:56-0:71 in the region of suckers which are of 0-15-0.18 
diameter. The eversible rostellum, with a broader base and narrower ante- 
rior region, has a length of 0-11-0:17 and. a-maximum width of 0:12-0:15. The 
rostellar armature consists of 14-15 rows of rose-thorn shaped hooks which - 
gradually diminish in size posteriorly—the hooks in first row have 11:3-14:5 # 
long spines with a basal disc of 9:6-14.5 p diametér and those of the last row 
being 6:4-9:4 u in length and with a: basal disc of 6:4-9:4 » diameter. .A dig. ' 
tinct neck is absent. The proximal segments are broader than long but gradually 
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increase in length. The mature segments are as broad as long while the more ' 
mature and gravid segments are longer than broad. A pair of longitudinal i 
excretory canals run on each side, The genital pore, in the mature segment, 
lies near the middle but in the immature ones it is slightly anterior in position. 
The testes, confined between the longitudinal excretory canals, are 90- -110 i in 
number and measure 0:07-0:12 x0:07-0'08 in size, The extremely coiled 
vas defrense, before entering the cirrus sac, lies antero-medially to, it. The . 
cirrus sac, enclosing a coiled seminal vesicle and a long unarmed cirrus, crosses ` 
the longitudinal excretory canal, The bilobed ovary, composed of many folli- 
cles, occupies an area of 0:3-0'4X0'27-0:33. "The compact but lobulated 
vittellaria, lying behind the ` ovary, occupy an area of 0:08-0:12x0'13-0:15. 
The egg capsules, 48-85 » in diameter, lie scattered in. the gravid segment 
and may even extend beyond the excretory canals. A single egg, 41-54 p in 
diameter, is contained in one egg capsule. 


According to Wardle and McLeod (1952) of the ten species aade 
under Joyeuxiella by Lopez-Neyra, Witenberg (1932) had recognised only 7. 


| i £asqualei and F. echinorhynchoides as valid ones, remarking that 7. gervaisi. and 


J. dongolense Beddard, 1913 were not satisfactorily described and the remain- . 
ing ones were all identical to J. pasqualei. Yamaguti (1959), following Witen-' 
berg, has also recognised only these two species. The specimens recovered 

from cat have been found to resemble, in nearly all morphological details, the’ 
species 7. pasqualaciforinis Lopez-Neyra, 1928-which was held to be a synonym of 
J. pasqualei by Witenberg, a view also upheld by Yamaguti, The present finding 
. of J. pasqualet in cat of this ae extends its distribution to Northern India 
as well. | l 


(All measurements except otherwise stated are in mm.) 


EXPLANATION OF FIGURES 2 


|. Fig. 1. 3. pasqualei—Rostellum. 
Fig. 2. J. pasqualei—Scolex. 
Fig. 3. J. pasqualei—Mature segment. 
Fig. 4. F. pasqualei—Gravid segment. 
Fig. 5. 2D.oltocyonis—Rostellum. 

Fig. 6. D. otocyonis—Scolex. 
Fig. 7. D. otocyonis—Mature segment. 
Fig.’ 8. D. otocyonis—Gravid segment. 


(All above figures are camera lucida drawings). 


Fig. 9. Photomicrograph—Cross section of intestine with scolex of D. 
m otocyonis deeply embedded in the intestinal mucosa BUDNEEE 
denudation. 190 X, 
Fig. 10. Photomicrograph— Cross section T inim with scolex of p 
pasqualet deeply burried and the suckers having mucosal plugs 
in their cavities. | 
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EFFECT OF MALEIC HYDRAZIDE ON GROWTH AND YIELD 
OF BRINJAL (SOLANUM MELONGENA LINN.) 


. O. 8. JAUHARI AND AYODHYA PRASAD 
Department of Horticulture, Govt. Agricultural College, Kanpur. 


Recent investigations (1 to 12) have shown that by suppressing or destroy- 
ing apical dominance in certain plants by plant regulator sprays, it is 
possible to force large number of lateral Shoots and thus make the plant 
bushy in character and increase the yield. With this aim in view, the present 
investigation was carri¢d.out to study the: effect of manual pinching ‘and 

' different concentrations of maleic hydrazide (MH). on M growth and 
yield of brinjal plants. 


t 


The anena layout was made on sanad block design with 
5 treatments replicated 4 times. Seeds of brinjal var. Kalyanpur T, were sown 
in seed pans on September 10, 1959. Three-week-old seedlings were trans- 
planted in the field and after thirty days they were given a drench spray with 
different concentrations (200,400 & 800 p. p.m.) of MH by a hand 
automizer. The control plants were sprayed with distilled water and manual 
. pinching was also practised on. the same ` day. Different aspects of growth, 
flowering and fruiting were closely observed and. the data include the overage 
of 16 plants under each treatment. 


EXPERIMENTAL FINDINGS 


Different MH concentrations produced marked changes in vegetative | 
growth and yield of brinjal (Table 1). 


The average maximum height ofthe differently treated plants was not 
significantly different than the control The pinched plants, however, 
attained the lowest height and were significantly inferior to the control and 
the treated ones. While the diameter of the main stem and the side shoots 
did not vary significantly, the average number of branches under different 
treatments were materially affected. The highest concentrations produced 
the minimum number of branches per plant. Among the sprayed plants, 
the lowest concentration of 200 p. p. m. gave the maximum and significantly 
highest number of branches per plant. The results indicate that the highest 
concentration of 400 and 800 p. p.m. showed deleterious effect on the 
growth of the plants (Fig. 3). The lowest concentration, however, did not vary 
significantly with the control (Fig. 1 & 2). Pinched plants gained little 
height after the operation and assumed stunted structure as compared to con- 
trol and the lowest concentration. 
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. Higher conceatrations were further responsible for delaying the flower- 
bud formation, reducing the percentage fruit-set and causing delayed 
maturity of fruits, while the control and pinched plants, however, produced 


almost similar performance. 


It is apparent from the data, however, that the number.of fruits per 
plant was the least under 800 p. p. m. followed by 400 p. p. m. The lowest . 
concentration.did not vary with the control and the hand pinched plants. 
It was interesting to observe that the size of the fruits under the 400 p. p. m. 
was as good asthe control, yet the yield per plant was significantly low due 
to less number of fruits per plant. Size and yield of fruits per plant in the 
control, hand pinched and 200p. p. m. treatments exhibited negligible 
- variation and were superior to the. higher concentrations. Little variation was 
+ obtained in the percentage of totai solids and moisture per. fruit under each | 


treatment. 


The above dada suggest that higher concentrations of MH are gene-. 
rally injurious to growth and yield of brinjal. It Is still possible that lower 
concentrations of MH may be helpful in increasing the average | number of 


lateral shoots.and the yield per plant. 
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Fig 3 | — 800 p.p. m. showing the stunted growth of the 
main shoot. 


-. EFFECT OF SIMPLE SURFACTANTS ON KINETICS . 
OF ELECTRODE PROCESSES | 


H. P. AGARWAL 
Professor of Chemistry, Motilal Vigyan Mahavidyalaya, Bhopal. 


INTRODUCTION 


“A sinusoidal current causes the - potential of an T T at which a fast 
charge transfer process occurs, to vary periodically about the equilibrium 
potential. The resulting alternating current includes a rectification component _ 
which is caused by thé asymmetry of polarization curves. This kind of 
rectification was at first reported by the name—‘redoxokinetic effect, but 
now it is popularly known as faradaic rectification?»3, - The theoretical 

treatment of the method enables the determination of transfer coefficient 
and standard rate .constant of the electrode reaction. Making use of an 
amplitude-modulated radio-frequency polarizing current, Barker? has recently 
developed a radio-frequency, polarography i. e, RF technique which enables 
the quantitative estimation of as low as 107? gm. of metallic ion in .01 c. c. 
of the solution, The faradaic rectification method is very helpful in studying 
the mechanism and kinetic of electrode processes. It has been used in the 
present work for studying the effect of simple surfactants on transfer co- 
efficient and kinetics of ferrous-ferric redox processes, as they (simple surfac- 
tants) have been reported? to influence the change in redoxokinetic 
potential. l 


EXPERIMENTAL 


The alternating current was made incident on two polished bright 
platinum foil electrodes of the cell and the rectification component developed 
at one of them (earthed electrode) was measured with respect to a third 
polished bright platinum foil electrode dipped in the same solution. For 
obtaining reproducible surfaces?, all the three electrodes were first washed 
with chromic acid and then with distilled water. The electrodes were then 
dipped i in Absolute alcohol and were heated red mot in (spirit Bap, flames. 
The process was repeated twice. 


The other particulars about the type of cell used, the disposition of the 
three electrodes with respect to each other, the circuit diagram and the 
method used for measurement ofẹ, the redoxokinetic potential and V, the ` 
alternating voltage incident are the same as described earlier?. “The simple 
surfactants chosen for the study were isopropyl alcohol, acetone, isobutyl 
alcohol, amyl alcohol and chloroform—all of them were of Analar grade. For 
studying the effect of simple molecules on transfer coefficient of the ferrous- 
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ferric redox process, the solution of known concentration of each of the 
above solute is prepared in a solution containing equimolecular concentration 
(0:002 M) of each cation (Fett and Fet++, —the calculated amounts of ferric 
ammonium sulphate A.R. and ferrous ammonium sulphate A.R. were 
dissolved in 1-N sulphuric acid). For studying the effect of change in 
concentration of the solute the experiments were carried out :— 


(1) using 0:26 gm. mol/litre and 0.52 gm. mol/litre concentration of 
miscible surfactant. 0'4 gm. mol/litre concentration of acetone was also | 


tried. 


(ii) varying concentration of one of the solute i.e., of isobutyl alcohol 
. from 0-2 gm. mol/litre to 1:0 gm. mol/litre (higher concentrations could not 
be tried as the solubility of isobutyl alcohol was to an extent of 1:3 gm. 
mol/litre at 180 C). 


(iii) making concentration of each of the partially miscible solute - 
1/119:5th of its solubility, so that the surface coverage to a first approxima- 
tion may be constant in each case. 


The values of y, the redoxokinetic potential were obtained in all the 
above cases at 4mv and at8 mv of a. c. varying frequencies from 50 
cycles/sec to 2000 cycles/sec. The values of y, obtained at 8 mv are exactly 
four times to the values of ¢ obtained at 4 mv at the corresponding 
frequencies, therefore the results obtained using 8 mv of a.c. have 
not been given. Further the values of y, are not influenced by the 
“variation in concentration of the surfactant, hence the results only at one 
concentration have been incorporated in Table 1. | 


To see the influence ofsimple surfactahts on the rate constant of the 
electrode process, the diffusion coefficient of *001 M ferric ammonium 
sulphate was determined in 0:5 M. sulphuric acid containing 0:4 gm. mol/litre 
of acetone (A.R.) by the porous diaphragm cell method. The concentration 
of the ferric ammonium sulphate diffused at different intervals in the second 
arm of the H type cell, was determined by the electro-chemical method which 
is being described in a separate communication. The values of concentration | 
gradient and of mean concentration for diffusion are given in Table 2. 


RESULTS AND DISCUSSION. 


It can be seen from Table 1 that 4, the redoxokinetic potential decreases 
in magnitude at the corresponding frequencies in presence of isopropyl alcohol, 
isobutyl alcohol, acetone and chloroform as compared to the values 
obtained? (-26 av at 500 cycles/sec or above) of the redox couple without 
having them in solution. On addition of amyl alcohol to the redox system y, 
increases in magnitude at the corresponding frequencies. In all the cases ‘y’ 
becomes maximum and constant at a frequency of 1000 cycles per second 


` 
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or above and blo a frequency. of 500 cycles per sec. i), is proportional to 
4/m in agreement with the theoretical analysis At all frequencies y, is 
proportional to square of a.c. voltage incident as was confirmed from the 
‘values obtained at 8 mv ofa. c. a, the transfer cocfficient of the reactants in 
presence of simple molecules can be calculated from the theoretical equation® 
applicable at high frequency i. e., | 





2 4RT "Ls (1) 
- Vink 


where T is the absolute temperature, V is the a.c. voltage incident, F is 
the faraday and nis the valency of the ion. The values of ‘a’ determined on 
addition of amyl alcohol, chloroform, acetone, isobutyl alcohol and isopropyl 
alcohol to the redox system are :613, :575, :569, :556 and ‘514 . respectively 
at 199 C. On comparing the above nu of transfer coefficient with that 
obtained? at the same temperature (i.e, '582) without adding surfactants 
to the reactants, it may be concluded hat on addition of amyl alcohol to the © 
Pt/electrolyte (ferrous-ferric redox couple in 0°5 M. sulphuric acid) interface, 
the transfer coefficient increases, but it decreases when any of the other four 
solutes are being added ` to the system instead. The transfer coefficient varies 
in the following order :— : l 

Isopropyl E E alcohol <acetone < chloroform. Hence the 
addition of arnyl alcohol enhances the cathodic reaction, whereas the presence 
of chloroform, acetone, isobutyl or isopropyl alcohol retards it. It is however 
interesting to note that the transfer coefficient is not being influenced with the 
change in concentration of the surfactant, as no change in y, the redoxokinetic 
potential at the corresponding frequencies is observed, (i) when the concen- 
tration of each" miscible solute is varied from 0:26 gm. mol/litre to 0:52 gm. 
mol/litre. (ii) when the concentration of isobutyl alcohol was. varied from ` 
0:2 gm. mol/litre to 1'0 gm. mol/litre (solution of higher concentration could 
not be possible as it was soluble to an extent of 1'3 gm. mols/litre at 18°C). 


Further from Table 1 it can be seen that each partially miscible solute 
has characteristic value of y (especially in the high frequency region) when the 
molar concentration of each solute was 1/119:5th of its solubility. When 
concentration.is some constant fraction of the solubility, the surface coverage 
^ with each solute would approximately be constant, Thus each surfactant 
has a characteristic value of transfer coefficient, when the surface converage 
with that solute is constant, proving again that the effect is independent of 
-concentration of the solute and it solely depends on the nature of the 
surfactant added. 


* 


The value of diffusion coefficient of -001 M fecic ammonium sulphate 
in 0:5 M sulphuric acid containing 0:4 gm. mol/litre of acetone was calculated 
from the data given in Table 2 following the procedure adopted by Hartley and 


~ 
<3 
- 


f 
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Runnicles?, It is found to be 92x 107° cm. sec."1, Same order of value of 
the diffusion coefficient was obtained ME the diffusion of .001 M ferrous 
ammonium sulphate under similar conditions was studied instead. The 
change in redoxokinetic potential y, is not being influenced with the variation: 
in temperature? or when the concentration!! of each of the reactants is being 
changed from 0: 002 M to 0:001 M. Therefore the value of transfer coefficient at 
35°C for ferrous ferric redox couple (concentration of each cation being :001 M 
containing 0-4 gm. mol/litre.of acetone) can be calculated from the values of y, 
given in Table 1 for the reactants (concentraticn of each being :002 M) contain- 
ing 0:4 gm. mol/litre of acetone at 19°C. On substituting the value of ‘a’ 
and D at 35°C, and y, at 200 cycles/sec at 4 mv of a. c., the standard rate 
constant K, is determined from the theoretical equation’, applicable at low 
frequencies of a. c., i. e., 2 


V? nF w D 
-DART 2 cal: “aaa vela " xw. A) 


The value of K, ‘thus obtained is :055 cm. Sec-t. On comparing it 
with the value of Kg obtained! when no acetone is being added to the. redox 
system, it is found , to be approximately 20% "higher. It is curious to note 
that the rate Constant increases on: addition of surfactants, inspite of the fact’ 
that ‘a’ had decreased. 


e 


SUMMARY 


The addition of simple surfactants to ferrous-ferric redox couple, either 
increases or décreases the transfer confficient which is being determined by the 
faradaic rectification method. The extent of increase or decrease of transfer 
coefficient depends upon the nature of the surfactant added rather than their 
concentrations, When chloroform, acetone, iso-butyl alcohol and iso-propyl 
alcohol are added to the ferrous-ferric redox couple (cach having 0:002 M con- 
centration in 1-N H,SO,), the transfer coefficient of the redox process decreases - 
and the values of transfer coefficient obtained in presence of each of the 
surfactants are '575, '569, 556. and ‘541 respectively at 19°C, Therefore on 
addition of the above substance, the rate of cathodic reaction decreases in | 
the order:— | 


Iso-propyl alcohol<iso-butyl alcohol <acetone<chloroform. When amyl 
alcohol is being added to the redox system, the transfer coefficient increases 
and its value is “613 at 19°C. Hence in presence of amyl alcohol, the 
reaction during the cathodic half wave is enhanced. .When 0:4 gm. mol/ 
litre of acetone is added to the ferrous-ferric redox system (cocentration of 
each cation being. 001 M in 1-N sulphuric acid.), the rate constant Kg is 
.055 cm. sec”! at 35°C. The rate.constant so determined is about 20% higher 
as compared to that obtained without addition of acetone. 


~ 


9 
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"D | TABLE Do 
Dimensions of bright, polished, platinum qe elecirodes- T 


a. c. electrodes | length in-cms. breadth in cms. 
E.’ (r30 700845 
2, (7 130” C 1:10 (earthed) 
Reference electrode. 1:30 - 1:10 | 


Temperature of the thermostat —199 + :059 C 





Values of ‘p’ redoxokinetic potential in micro-volts at 
4 millivolts of a.c. when concentration of oxidant and 





| B p reductant each is :002 M. in. I-N H,SO, containing 
S. N. used in | = d 
cycles[sec. gis y | BE PE EE T PI: 
1 50 8 | 7-6 ee arde a 
2 100 dt d sd -9 -8 | .-20 
3 200 s ze -13 -12 28 
4 500 20 "e. 18 || -36. 
5 1000 -22 | -8 | -8 |  -24 .-96 
6 2000 22. -13 m -18 -24 -36 





* gm. molar concentration of the species is 1/119.5th. of that of its 
solubility. 


TABLE 2 


Values of concentration gradient and of mean concentration for diffusion 
of -001 M ferric ammonium sulphate in 1—N sulphuric acid. solution contain- 
ing 0*4 gm. mol/litre of acetone. 

Volume of ferric. ammonium sulphate solution (prepared in '1—N 
-sulphuric acid containing 0:4 gm. mol of acetone) taken in compartment ‘A’ of 
the porous diaphragm cell=60 c. c. . — 


Dr rt Ty NN qp o o is 


Volume of supporting: electrolyte (0°4 gm. mol/litre of acetone in 
1—N H, SO,) taken in compartment ‘B’ of the porous diaphragm cell = 
110 c.c. l 


- 
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TABLE 2 (Contd.) 


Characteristic constant of the cell = 3°46 


Temperature of the thermostat=35° + ‘05°C EE 

















gra- 


Equ. per litreC, x 108 
eq. per litre C, x 108 


diffused salt in gm. 


Concentration of the 


Time ‘t,’ in minutes 


Concentration of tbe 
diffused salt in gm. 


N | Time ‘t in minutes 
- , 
o 
Cx 108 


N 
c 
NO 
C 
C) o © nr A 
C 
Oo 
C 


oO» & 
Oo Qà 
— CO 
IO Cc 
p 
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SHARPNESS OF THE COLLOID-ELECTROLYTE BOUNDARY AS 
A CRITERION TO MEASURE THE MOBILITY OF COLLOID 
MICELLES II. ELECTROPHORESIS OF Cr(OH), SOL. 


D. 15. BHATAGER AND Aj Rs BECIBACHARTA 
Department of Chemistry, Agra College, Agra. 


Studies on the migration of colloid electrolyte boundary of Fe(OH), 
sol with various equiconducting supernatant electrolytes were communicated 
previously in the light of the Kohlrausch Weber theory for ionic boundaries, 
It has been discussed in the foregoing paper (1962) that -the choice 
of a suitable supernatant liquid to produce a sharp descending boundary of 
the positively charged Fe(OH), sol would give a niore probable value of the 
electrophoretic velocity of colloidal micelles when they behave as leading ions. 


This paper deals with our observations on the colloid-electrolyte boun- 
dary of Cr(OH), sol and various equiconducting electrolytes used as 
supernatant liquids. The colloid electrolyte interaction, as reported in our 
previous paper dealing with Fe(OH), sol-electrolyte boundary, appears to 
be more pronounced in this case. The electrophoresis of Cr(OH), sol further 
confirms our earlier views that the electrophoretic velocity in the 
descending limb would give a more representative value, and the anology 
. between purely ionic and colloid-electrolyte boundaries is subject to certain 
conditional factors. | 


Experimental : 


The apparatus consits of two parts after Tiselius pattern, the electrode 
vessel and the main U-tube fitted by standard glass joints at P, and P}. M, 
and Myare the electrodes supplying a constant current, the device for 
maintaining a constant current is described below :— 


A sharp-cutoff pentode 6 S.J. 7 whose plate current is independent of 
its plate voltage within a range of 40 to 500 volts (R.C.A. Receiving tube 
manual p. 0.211) is used in series with the U-tube as shown in the circuit. 


The voltage drop across the whole U-tube is first of all determined by 
the potentio-V.T.V.M. system allowing the required current (0.1 to 0.4 . 
milliamps) to flow through the circuit. The supply voltage from the rectifier 
is so adjusted that the plate voltage remains sufficiently above 40 volts. Now 
because of the characteristics. of the tube 6 S. J. 7, any change in the 
voltage drop across the U-tube due to changes of the resistance will not 
change the current in the circuit as long as the plate voltage remains between 
50 to 500 volts. The grid of the valve is connected to a series of batteries 
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to give it the required negative potential for the desired amount of current 
(0.1 to 0.4 milliamps). 


Observations & Discussion: 


- With equiconducting solutions of NaCl, KCl, BaCl, and AICI, as 
supernatant liquids it will be seen in the Plate no 2. that the descending as 
well as the ascending boundaries are quite diffuse, but with thé equiconduc- | 
“ting ‘solution. of LiC1 the descending boundary is comparatively sharp, while 
the ascending one is quite diffuse. Gradually a sharper boundary of deeper 
. intensity is formed inside the diffuse ascending boundary and the intense 
layer tends to overtake the diffuse one. The ionic velocities of Lit, Nat, K+, 
Batt and Al+H and the characteristic sharp or diffuse boundaries have been 
given in the Table 1. The mobility of Cr(OH), sol micelles as calculated from 
the sharp descending boundary with LiCl as BUDE DD is given in 
Table no. 2. 


The formation of a deep boundary inside the diffuse ascending boundary 
(Plate no. 1, Cr(OH),-equiconducting LiCl supernatant liquid) suggests the 
effects of colloid-electrolyte interaction which may be visualised as follows:— 


Cr(OH), + LiCl Cr(OH),Cl + LiOH 


In consequence of such possibilities the sharpness appearing in the 
ascending limb may be produced by the micelles of Cr(OH),Cl which may 
be faster than the Cr(OH), sol particles. 


In the light of the Kohlrausch-Weber theory the Dichos is produced 
in the ascending limb when the colloidal particles move with the same velocity 
as the leading ion. In the descending limb colloid micelle acts as a leading 
ion, and the sharpness would appear, when the ion of the supernatant liquid 
would move with the speed of the colloid micelle. The velocity of the 
Cr(OH), micelles calculated from the electrophoretic data lend support to our 
view that the more probable velocity ofthe colloidal particles would 'be given 
by the electrophoretic velocity of the descending boundary. The value of 
the velocity of the sharp boundary in the ascending limb is the representative 
- value of the ionic mobility constituting the supernatant layer. 
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STUDIES ON THE ELECTROPHORETIC VELOCITY OF COLLOIDAL 
PARTICLES BY BOUNDARY METHOD | 


[PART V—SIGNIFICANCE OF THE MAXIMA IN THE ELECTROPHORETIC VELOCITY 


CONDUOTIVITY CURVE OF SOLS DURING DIALYSIS IN THE LIGHT OF THE 
m.ljt 


n--lji 


ARVIND KUMAR AND ÁBANI K. BHATTACHARYA 
Agra College, Agra. 





EQUATION ¢==a-+ FOR 8LOW COAGULATION] 


SUMMARY 


The cataphoretic velocities of Fe(OH), sol have been studied at 
different stage of dialysis taking various equi-conducting chlorides as the super- 
natant liquid. On plausible grounds it has been discussed that the peak of the 
U-conductivity curves (or £-c curves) corresponds to the critical stability 

m. Ift ps 
n-- lt ^ 


concentration ‘a’ of the equation c=a+ 


INTRODUCTION 


It had been observed by Kruyt! Freundlich and Rona? that the . 
effect of electrolyte having Univalent inorganic cation was to increase the 
é-potential at first and then to decrease with increasing electrolyte concentration 
after the maxima was reached. The experiments of von Elissafoff and of 
Freundlich and Rona® further showed that the cations of the heavy metals 
such as silver and lead had a stronger lowering effect than the light metals, 
and that the basic dyes such as new fuchine and crystal violet, are particularly 
active due to which the charge of the capilaries was reversed at a quite small 
concentration. The valency of the cations was also observed to have very 
remarkable effect on the £-potential with the increase or decrease in the 
concentration of the electrolyte. The effect of increasing and decreasing the 
concentration of electrolytes on the zeta potential of the sol particles may 
be conveniently shown by measuring the cataphoretic velocity, U of dialysed 
sols at regular intervals. Since in the sample of the sol to be dialysed the 
electrolyte concentration is ordinarily higher than the peak point in the U-c 
curves, the electrophoretic velocity and hence the zeta potential would, increase 
upto a maxima and then would decrease as the concentration of the elec- 
trolyte falls below the concentration at the peak point. 


This has been actually observed in our studies on the effect of dialysis 
on the electrophoresis of Ferric hydroxide and chromic hydroxide sols 
under constant current with equiconducting chlorides used as the super- 
natant liquid over the boundary in a U-tube. It has been observed by 
ploting the electrophoretic velocity against the specific conductivity of the 
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dialysed samples that the zeta potential increases upto a certain stage of 
dialysis to a maxima after which there is a fall in the electrophoretic velocity 
if the dialysis is continued further i.e., beyond the peak point. On certain 
assumptions it has been possible to show (see later) that such observations are 
due to the inverse relation of the electrophoretic velocity, U, of the sol parti- 
- cles with the ionic strength, ¿ECZ* of the solution upto the dialysed stage of 
the sol corresponding to the maxima, when it may be assumed that the ionic 
environment: of the particle as counter ions has reached the stage of limiting 
equilibrium with the charge on the colloidal particles. | 


Kumar and Bhattacharya and Bhattacharya‘ in their study of slow 
coagulation of sols evolved an equation correlating the electrolyte concentration 
m.l[t 
n4lJt 
where a, m and n are parametric constants. They interpreted these constant 
and explained that the constant ‘a’ was a very important quality which was 
defined as the concentration of the precipitating electrolyte which the sol can 
stand without being coagulated for an infinite time. Thus the effective 
concentration of the electrolyte to coagulate the sol within a measurable time 
was c-a where C was the concentration of the electrolyte added. Hence the 
value of the quantity ‘a’ which is specific for the sol and the electrolyte may be 
considered to be of greatestsignificance in determining the limit of the sta- 
-bility of the sol in relation to the thickness of the double layer and hence of 
the ¿-potential ranging from the critical state of the neutral particles to that 
of the stable colloidal micelle. This stable state may be governed by the ionic 
strength as well as the adsorption equilibrium maintained within the limit of 
the critical stability concentration ‘a’ of the precipitating ion. Thus it may be 
visualised that during dialysis the ionic strength being higher than the critical 
. stability concentration, ‘a’, the electrophoretic velocity (or ¿-potential) will 
gradually increase upto a maxima and then the curve will show a fallas the 
ionic strength of the solution decreases below that represented by the peak of 
the curve, This peak therefore suggested a very significant characteristic of the 
state of thé sol with different amounts of electrolyte. At the peak of the curve 
dt/dc must be zero which can be interpreted as the state of equilibrium between 
the change of the sol particles and the concentration of the counter ions of the 
ionic environment which should be proportional to the ionic strength of the 
solution. It may thus be plausibly assumed that the concentration. of the 
electrolyte at the peak represents the critical stability concentration ‘a’ of the 

" electrolyte for the sol. 
The present paper deals with the studies of cn of Fe(OH), 


sol at its different stages of dialysis taking various equiconducting chlorides 
having uni and bivalent cation as the supernatant liquid. 


and the time of coagulation which was expressed in the form C=a-- 


EXPERIMENTAL 


Fe(OH), sol was prepared by adding concentrated ammonium carbonate 
solution to a solution FeCl, with constant stirring until the precipitate just 
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ceased do dissolve. The. precipited ferric hydroxide was then dissolved by 
adding just the sufficient quantity of 5% FeCl,. ‘The sol was then dialysed 
in a parchment paper bag against running distilled water. 


The apparatus used for determining the electrophoretic velocity of the 
sol, consists of two parts after Tiselius Pattern. The electrode vessel and the 
main U-tube were fitted by standard glass joints at P, and P, (vide 
figure 1). M, and M, are the electrodes to maintain a constant current in the 
circuit with the kelp of a sharp cut off pentode 6 S. J. 7. The sharp cut off 
pentode 6 S. J. 7 whose plate current is independent of its plate voltage within. 
a range of 40 to 500 volts (R. C. A. Receiving tube manual p.0211) is used 
in series with a U-tube as shown in the circuit. 


The voltage drop across the whole U-tube is first of all determined by 
the potentio V. T. V. M. system allowing a constant current (O'l to 0:4 
milliamp) to flow through the circuit. The supply voltage remains sufficiently 
above 400 volts. Now because of the characteristic of the tube 6 S. J. 7, and 
change in the voltage drop across the U-tube due to change of the resistance : 
will not change the current in the circuit as long as the plate voltage remains 
between 40 to 500 volts. The grid ofthe valve is connected to a series of 
batteries to give it the required negative potential for the maintenance of the 
. definite amount of current. i 


OBSERVATIONS 


TABLE l1 


Cataphoretic velocity and Sp. conductivity at different Stages 
of dialysis of Fe(OH), sol. 


Supernatant liquid-Equiconducting LiCl solution. 


Duration of Sp. conductivity | Vel. of Ascending | Vel. of Des. boun- 
dialysis in mhos. boundary U, in cm./| dary U, in cm./Sec. 
Sec. [Unit Pot. Grad.| [Unit Pot. Grad. 


7 days 1.8x 10-4 23 x 105 31 x 105 


10, .].18x 10-4 | 30 36 
iD 0.82 x 10-4 - 46 5] 
13, 0.69 10-4 © 89 40 
5 ,, 0.59 x 10-4 32 33 
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| TABLE 2 


.. Cataphoretic velocity and Sp. cond. at different stages of dialysis of Fe(OH), sol. 
Supernatant liq.-Equiconducting NaCl 






Sp. Conductivity | Vel. of Ascending | Vel. of Des. boun- 






Duration of 
dialysis in mhos. boundary U, in | dary U, in cm/Sec/ 
cm/Sec/Unit Pot. | Unit Pot. Grad. 
Grad. 
7 days 1.8 x 10-4 33 x 105 36 x 105 
0 , 1.18 x 10-4 4l 43 
AZ 255 0.82 x 10-4 23 58 
1$. 0.69 x 10-4 40 - | 50 
"H5: y 0.59 x 10-4 . 36 38 





TABLE 3 


. Calaphoretic velocity and Sp. conductivity at different Stages of dialysis. 
Supernatant liquid Eq. conducting BaCl, solution. 





Duration of Sp. Conductivity | Vel. of Ascen. bo- | Vel. of Des. Boun- 





dialysis in mhos. undary U, in cm/ | dary U, in cm/Sec/ 
Sec/Unit Pot. | Unit Pot. Grad. 
Grad. 

-* 7 days 1.8x 10-4 35 x 105 19 x 105 
105, 1.18 x 10-4 46 23 
12 , 0.82 x 10-4 | 65 > 30 
I3: 0.69 x 10-4 58 26° 
15 ,, 0.59 x 10-4 50 29 

_ DISCUSSION 


It will be seen (Table 1 curve 4) that the values of U or £-potential 
gradually increases upto a maxima at different stages of dialysis from A to B 
and the potential falls from B to C as evidenced by the electrophoretic velocity- 
conductivity curve. They are similar to the -G curves of Freundlich, Rona 


- t 
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and others loc. cit. These observations are in agreement with those of the 
previous authors under reference, although the modus operandi is differrent in 
our case. The peak of the curve has been found to appear in the case of many 
sols and hence it suggests a very significant characteristic of the state of the sol 
where d£/dc become equal to zero. This can, therefore, be interpreted as the 
_ state of equilibrium between the charge of the sol particles and the concentra- 
tion of the counter ions in the ionic environment which mainly depends upon 
the ionic strength of the system. This equilibrium at the peak point may, 
therefore, be plausibly assumed to be connected with the critical stability 
concentration ‘a’ of the electrolyte for the sol under investigation. The inverse 
relation bztween the ionic strength and the electrophoretic velocity or ¢-poten- 
tial may be deduced on the assumption that the environment of the counter 
ions around a charged colloid particle is either identical with or very closely 
similar to the ionic atmosphere of opposite charge around a single ion. 


When the electrophoretic velocity becomes constant it may be assumed 
that the potential at the boundary has been stabilised. The electrophoretic 
velocity U according to Helmholtz and Smoluchowski? is given by :— 


_ GEE : I 
Usp ..(1) 





w 


where G is the dielectric constant. 
£ the zeta potential, 
E—the field strength and 
y—the viscosity of the medium. 


It is also known that the charge density 


f _ EEK | 
Hr ies is (2) 
Where 
1 _ Bree N 2S cr? . 
Aca . 1000 DRT `’ p Eoo 


according to Debye and Huckel and d-thickness of the double layer, e- the 
electronic charge, N- the Avagadro number and D- the electric constant and 
Ec z? is the ionic strength connecting equations (1); (2) and (3) the relation 
between the electrophoretic velocity U and ionic strength is given by equation :— 


Ec 1000 DRT 
EN mAN 00000 0 008 


Now since the value of U becomes in steady in electrophoresis after pass- 
ing the current for a certain intervalit may be assumed to indicate that the 
charge density c remains constant. If the field strength #, (under constant 
current), the viscosity and the dielectric of the medium are also assumed to, 
remain constant it directly follows from the above derivation that U is inver- 
sely proportional to the variable 222, Under such conditions the portion AB : 
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_ of the curve can be explained till the limiting equilibrium between the charge on 

the colloid particle and its counter ions in ionic environment of the double layer 
is reached at the peak of the curve. Further lowering of concentration of the 
electrolyte by dialysis may disturb this equilibrium by the changes in the con- 
centration of the ions in the double layer which results in the loweiing of the 
charge density. - After this stage U depends upon the ratio of o/£CZ?. The 
portion BC of the curve represents that the lowering of o has a greater effect on 
U than that of ZCZ*. Hence U gradually falls after the peak point. If these 
assumptions are admissible the interpretation of the peak point. becomes 
possible and the connection between the constant ‘a’ in the foregoing equation 
and the concentration of the electrolyte at the peak point can be realised. 


Further work is in progress, 
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Time of coagulation by light extinction was determined by a photoelectric 
colorimeter (Eel). Blue filter was used for Sb,S, sol and a red one for the gold 
sol. The pointer of the apparatus was adjusted by taking distilled water in the 
tube to zero of the scale with the help of a screw attached in it. A mixture 
of water, electrolyte and sol was taken in the same tube and light extinction 
was noted with time. The values of extinction (d$) were plotted against time 
and the same stage of coagulation was determined by drawinga line parallel 
to the time axist at a suitable value of $ to cut the $ —t curves, c was then 
plotted against 1/t to determine a, 1/c-a was then plotted against the respective 
times of coagulation at that particular stage. 


DISCUSSION 


m. lft 
n-4-ljt 
been interpreted in our previous communirations (2) where ʻa’ has been 
defined as the critical stability concentration of the electrolyte for the sol by 
which the coagulation does not take place within measurable time. ‘m’ is that 
concentration of the electrolyte which is required to coagulate the sol immedi- 
ately. For ‘n’? we have to proceed in a different manner. Considering the 
dimensions ofthe terms in the equation, 


The constants a, m and n of the equation c=a + have already 


m 
RA nt4-l 

the facter nt--1 should have the dimension of concentration or it should have 
no dimension. Two possibilities thus arise, either ‘n’ should have the dimen- 
sion of I"! or nt may have the dimension of M/1*. Then n should have the 
dimension of M/13, ift. Ifthe latter dimension is considered, ‘n’ can be 
regarded as a function of concentration of the electrolyte divided by t. "Thus 
it can be connected with the concentration of the electrolyte required to 
coagulate the sol in unit time. Hence the value of ‘w? with increasing valency 
of the electrolyte should decrease, which is also supported by our observations. 


In table no. ] to 6 the values of a, m and n have been recorded for - 
the electrolytes KCl, BaCl, nnd AICI, which are in the increasing order to 
valency of the precipitating ion. 


The value of ‘a’, which has been defined as the critical stability concen- 
tration of the electrolyte for the sol, remains the same for varying concentra- 
tions of the electrolyte. This had also been observed in the slow coagulation 
of As,S,, Cr(OH), Fe(OH),, prussion blue and copper ferrocyanide by 
Bhattacharya and coworkers (loc. cit.). The value of ‘a’ for the mono, bi and 
tervalent precipitating ions are also in accordance with the Schulze hardy 
rule. 


The value of *m' are in the decreasing order with tbe increasing valency 
of the precipitating ions. The value of 'n” for uni, bi, and tervalent electrolyte 


f 
+ 
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are also in the decreasing order. These observations testify to the merit of 


; 4 . 
the equation, cma RT for the relation between concentration of the elec- 
trolyte and time of slow coagulation by simple techniques. Further work is 
in progress. 
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OPTICAL ACTIVITY AND CHEMICAL CONSTITUTION - 

PART—IV OPTICALLY ACTIVE FORMS AND RACEMIC MODIFICATION 
O. N. Pert 

Professor of Chemistry, Th. D. S. B. “Poeni College, Naini Tal. 


According to Pasteur’s ea of Molecular Dissymmetry (Pasteur, 1884) 
the dextro and laevo forms must possess the same total energy. They must 
also possess the same scalar properties such as density, viscosity, crystal lustre, 
solubility and so on. They must, however, differ in such vectorial properties 
as the direction of the rotation of the plane of polarization of light or un- 
symmetrical distribution of hemihedral facets in the crystal forms in which 
these facets arc developed (Frankland, 1897) or in the enantiomorphous dis- 
tribution of pyro- and piezo-electrical polarity. ‘The magnitude of these vecto- 
rial properties is identical for the enantiomorphous forms and the difference lies 
in the sign or direction.. For instance in respect of their optical rotatory power, 
each isomer rotates the plane of polarized light exactly the same number of 
degrees but in opposite direction. - 


The enantiomorphs or optical antipodes contain the same number of 
atoms and groups in the same relative relationship to each other. Their 
chemical reactions are identical. The only differenc in arrangement of groups 
is a different spatial order—clockwise or anti-clockwise. In^ these reactions 
where the dextra and laevo forms of an active compound react with ancther 
optically active molecule, the type of reaction would be identical though the 
rate of reaction may be different. 


- On the basis of wave mechanics Temple (1930) suggested that the dextro 
and laevo form of a compound differ in energy and rotatory power. Campbell 
(1930, 1931) reported slight but distinct differences in the rotatory 
power and other physical properties of the dextro and laevo forms of mandelic 
and camphoric acids in support of Temple’s view and thus disputed the validity 
of Pasteur’s principle of Molecular Dissymmetry. Kortum (1931) studied the 
case of dextro and laevo mandelic acid and showed that if the preparations are 
sufficiently purified, there areno measurable differences in the rotatory 
power of the optically active and opposite forms. Singh and Mahanti (Singh 
et. al., 19359'b) examined the case of (+)- and (—) -camphoric acid. They 
employed the same process of purification as advocated by Campbell and 
found no difference in the magnitude of rotatory power in the enantiomorphs 
throughout the visible range of the spectrum (4358 to 6709 A. U.). Inspite 
of these and other experimental evidences Bowden in 1938 wrote : “The 
supposed identity of the d- and 1-forms is really an unproved assumption"; 
and, quoted Campbell's paper in support of the statement, B.K. Singh et. al., 
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have studied several physical properties of the dextro and laevo forms with a 
view to experimentally examine the validity of Pasteur’s principle of mole- 
cular Dissymmetry. The physical properties such as density, viscosity and 
refractivity of dextro and laevo forms of isonitroso camphors (stable and unstable 
forms), camphor, camphoric . acid, camphoric anhydride, camphorquinone 
and sodium camphorate did not show differences beyond experimental error 
(Singh ei. ail., 19372). Raman spectra of the dextro and laero borneol (Singh 
et. al., 19379) or camphoric acid or camphoric anhydride (Singh et. al., 19375) 
did not show any results which were in contradiction with Pasteur’s view. . The 
magnetic susceptibility measurements of dextro and laevo forms of camphor, 
borneol and camphorquinone did not show any differences in optical antipodes 
(Singh et. al., 19449). Similar results were found in the case of camphoric acid, 
camphoric anhydride and camphor-g-sulphonic acid (Singh et. al., 1944b) 
nor was any discrepancy noted in the case of (+)- and ( —)-camphor-f- 
sulphonates of nitrogen bases (Singh et, al., 19492), The ultraviolet absorption 
of the dexiro and laevo forms is always found to be identical and so is found the 
magnitude of optical rotatory power. The slight differences in physical pro- 
perties wherever noticed are well within the limits of experimental error or 
else are due to a deficiency in the purity of the products under examination. 


Whereas the physical properties of the dextro and laevo forms are identi- 
calin magnitude their physiological effects may or may not be identical. For 
a long time it has been known that the dextro. and laevo forms may exhibit | 
different physiologicalaction. Pasteur in 1860 observed that the green mould 
penicillium glaucum destroys exclusively the dextro form in a solution of ammonium 
- racemate containing a little potassium phosphate. Several examples of this 
type are known and are listed in their papers by Winther(1895), McKenzie and 
‘Harden (1903) and in Werner's Lehrbuch der Stereochemie p. 63. Frankland and 

Mac Gregor (1893) have recorded a curious observation that, although fresh 
cultures of bacillus ethacelicus act only on the dextio salt of glyceric acid, they can, 
by cultivation in a solution of calcium glycerate, be gradually induced to assi- - 
milate the laevo enantiomorph as well. This power of selective assimilation 
in living organisms finds a parallel in the different physiological action of 
dextro and laevo forms on the animal body and of the animal body on them. 
As examples of such differences may be mentioned the taste, odour and | 
toxicity. Piutti (1886) found that (+)-asparagine has a sweet taste whereas 
the naturally occurring (—)- asparagine is insipid. Similar differences 
- between (+)- and (—)-leucic acid, and (+)-and (—)-glutamic acid have 
been  observed-the (+-)—form being sweet and the (—) -tasteless 
(Kodama, 1920). v. Braun and Kaiser (1923, 1926) observed in 
' certain cases differences in odour in dextro, laevo -and inactive forms. Singh 
and Lal (Singh et. al., 1939, 1940) observed such differences in the dextro, laevo 
and inactive. forms of certain derivatives of amino- and bis-aminomethylene 
camphors. They noticed that the intensity of the odour is greater in the 
laevo form than in the dextro form. Pictet and Rotschy (1904) found that 
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(—)-nicotine is for more poisonous than the (+)-isomer. Abderhalden 
(1909) noticed that (—)- adrenaline is far more physiologically active than the 
. (4-Msomer. Chabrie (1893) showed that the laevo tartaric acid when 
administered to guinea pigs is twice as poisonous as the dextro form. Cushny 
(1916, 1921) found that the action of (—)-hyoscyamin is hundred times 
the action of the (+)-enantiomorph. Demole (1934) has found that the 
dextro rotatory ascorbic acid is active but its antipode is inactive. Singh 
et. al. (19444) have noticed differences in the physiological action of dextro, laevo 
and racemic forms of camphor-f-sulphonates of some organic bases. 


Like enzymes animal body can selectively assimilate and excrete 
certain isomers. (—)-Tyrosine, for example, is more easily destroyed im 
thé animal body than the (-+)-isomer (Dakin, 1910; Pyman, 1917); racemic 
mandelic acid when injected subcutaneously in rabbit gives rise to (-+)-malate 
in the urine (Tomita, 1921); and, when. sodium-DL-phenyl-y-oxybutyrate 1s 
given to a dog, the urine contrins more of (—)-than the (+)-isomer (Thier- 
felder and Schempp, 1917). It has also been found that certain optically 
active dyestuffs are selectively adsorbed by animal fibres such as wool 
(Ingersoll and Adams, 1920, 1926; Morgan and Skinner, 1925). Porter and 
Thrigg (1933) could actually effect the resolution of racemic dyestuff by differen- 
tial adsorption of one of the isomers by wool. 


It may be mentioned here that several views have been advanced to 
explain the different physiological activities of optically active isomers. Past- 
eur (1886) suggested that the nerve substances and the tissue substances are 
themselves asymmetric and therefore react differently towards dextro and [aevo 
rotatory forms of physiologically active isomers. King (1924) was of the view 
that the differences in physiological action of optically active isomers are 
chiefly due to physical rather than chemical causes. Erlenmeyer (1919) advanced 
the hypothesis that the optical isomerides differ in physiological action because 
of ‘asymmetric affinity’ which favours the action of one isomer in preference 
to its optical antipode. Cushny in his book Biological Relation of Optically 
Active Substances has reviewed the problem and remarks: ‘...here some chemical 
combination occurs of such a nature that the isomers no longer form mirror 
images and these therefore differ in physical properties and their reactions. 
Easson and Stedmann (1933) have suggested another explanation. According to 
them there is no essential difference in the causes which are responsible for the 
differene in physiological activity of the structural isomers on the one hand 
and those which are responsible for different physiological activity of the optical 
isomers on the other hand. These authors suggest that the differences are 
due to the facet of the tetrahedra containing different groups which come 
into contact with the specifically active receptors. Singh and Lal (Singh et. al., 
1940) have reviewed these different theories and have pointed out that 
the theory of Easson and Stedmann is very much like the Werner’s explanation 
of Walden Inversion in that they both offer an equally insufficient explanation 
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of the phenomenon concerned. None of them can predict the course of action 
which a particular isomer would take. 


Whereas the physical properties of the dextro and laevo forms are identical 
in magnitude, the properties of the DL- or racemic form are sometimes markedly 
different. Active isomers exhibit varying degree of stability and by suitable 
treatment most of them can ultimately be converted into inactive racemic modi- 
fication. This process is termed racemization and is brought about by the 
conversion of one-half of the active material into its enantiomorph. Race- 
mization can occur by purely physical agencies such as heat, light or solution 
in a solvent. It may occur spontaneously at room temperature when it is | 
called auto-racemi zation. It may also be accomplished by change in structure. 
- Compounds which have reactive functional groups attached to the asymmetric 
carbon atom undergo racemization comparatively easily, and, if the asymmetric 
carbon atomis in a-position to a group capable of undergoing a tautomeric 
change, racemization readily takes place. In all cases racemic modification can 
always be obtained by mixing equimolecular quantities of déxtro and laevo forms. 


The physical properties of a racemic modification generally differ from 
those of the active forms from which it is derived. It may exist in three 
forms in the solid state, namely, a mixture, a compound or a solid solution 
" (psuedo racemic mixed erystals, a term used by Kipping and Pope) of the active 
forms. The racemic modification may be a mechanical mixture of the’ dextro 
and laevo forms and in some cases such as that of sodium-ammonium tartrate, 
the crystals may possess hemihedral facets and be themselves enantiomorphic. 
The dextro and laévo forms may unite to form a molecular.compound, all 
crystals of which contain equa] amounts of both the active forms and are 
identical. In sucha case the physical properties of the racemic modification are 
generally markedly different from those of its components. Ordinary cryosco- 
‘pic methods fail to establish a multiple- molecular weight of such a compound 
as in solution they almost completely dissociate into active forms (Raoult, 
1887; Anschutz, 1888; Frankland and Pickard, 1896; Bruni and Padoa, 1902). 
Ifexcess of one of the modifications is present the extent of dissociation may, 
however, be limited (Walden, 1906; Patterson, 1905). A solid solution or a 

psuedo racemic mixed crystal is obtained if the pair of enantiomorphs is 
also isomorphous. In such a case they may crystalise together as a solid - 
solution without forming a compound. This solid solution differs from a 
mixture in that it constitutes but a single phase. It differs from a racemic 
compound in that all mixtures composed of a racemic solid solution 
and either active form still constitute or act as a single phase whereas the 
corresponding mixture composed of a racemic compound and either active 
form constitutes two phases. 


The problem of distinguishing between these three forms of racemte 
modification was first discussed systematically by Bakhuis Roozeboom (1899; 
Jaeger, 1917) from the point of view of phase rule. Roozeboom described two 


- 
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methods to distinguish between the three types of racemic modification, viz., the 
Freezing-Point Method and the Solubility Method. ' 


Freezing-Point Method—This method depends upon the principle that the 
presence of a second fusible solid phase lowers the freezing-point (or melting- 
point) of an organic compound. According to Roozeboom this method 
requires the preparation of a freezing-point-composition (or melting-point- 
composition) diagram for mixtures of racemic modification with its correspon- 
ding active isomers. Then the distinction between three types of racemic 
modification can be made thus : the diagram for a racemic mixture would 
be composed of two curves (Fig. 1); for a racemic compound of three curves 
(Fig. 2); and, for a racemic solid solution, one curve (Fig. 3). The three cases 
are briefly discussed below :— 


(i) Case—1 : Freezing-point (or melting-point)-composition curve of a racemic 
mixture. - . 


As the two enantiomorphs do not combine they may be considered as 
distinct entities. Therefore, the addition of successive small quantities of 
oae enantiomozph will lower the freezing-point (or melting-point) of the 
other until an equal quantity of each is present. When the quantity of the 
second enantiomorph exceeds that of the first the reverse change will occur 
and the freezing-point (or melting-point) will rise until the original freezing- 
point (or melting-point) is reached. In other words the curve would be of 
the type represented by acb in Fig. 1 where the point c corresponds to equal 
quantities of the two enantiomorphs or the inactive mixture, and, is known as 
the eutectic point. l 
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(ii) Case—II : Freezing-point (or melting-point)-composition curve of a 


racemic compound. 
In this case three entities are concerned, namely, the dextro and the laevo 


forms which possess the same, and the racemic compound which has usually a. 


. different (higher or lower) freezing-point (or melting-point). Itis therefore 
convenient to consider the curve in two parts viz., the freezing-point (or melting- 
point)-composition curve of the dextro and the racemic modification, and, 
the laevo and the racemic modification. As the two active forms behave identical- 
ly in the phenomenon under consideration each of these curves would be mirror 
image of the other. Now each half of the curve can be compared to a simple 
mixture of two substances and the arguments given under case-I can be simi- 
larly employed. ‘The curve in general would follow the route indicated by 
acbc'a' in Fig. 2. The point b would be in the same line as a ora’ or lower 


or higher according as the freezing-point (or melting-point) of the racemic com- . 


‘pound is equal, lower or higher than that of either active form. 





100% 100 € | | 100% 
D- | . DL- L 
Fig. 2. 


(iii) QCase—III : Freezing-point (or melting-point) -composition curve of a 

racemic Solid solution. i 

It is possible that the two enantiomorphs form neither a mixture nor a 
compound but are isomorphous and form mixed crystals. The effect on” the 
freezing-point (or melting-point) of the mixture produced by the addition of 
either active form will depend upon the nature of the mixed crystal. Ifthe 
freezing-point (or melting-poing) of the mixed crystal is the same as that of 
either active form then the curve would be a straight horizontal line joining 
the identical freezing-points (or melting-points) of the enantiomers (acb in 
Fig. 3). Ifon the.other hand, the mixed crystals which separate from the 
fused mixture of the two active forms have a higher or lower freezing-point 
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(or melting-point) than either active form the curve would be of the type 
represented by ac'b or ac"b in Fig. 3. ' | | A 





100% wog 100%, 
L- ' De | D- 
| | Fig. 3. | : 


Examples of all the three types of; curves are nave (Markwald and 
Nolda, 1909). Bruni (1899) has suggested a modification to Roozeboom’s 
freezing-point method. This modification involves the study of the eutectic 
mixtures of the two active forms with a third inert substance. Adriani (1901) 
studied camphoroxime by this method.. The inert substances used by him 
were naphthalene, phenanthrene, benzoin and anthracene. His curves indi- 
cated that between 60° and 90° racemic — exists as a compound 
but at 106% as a solid solution. 


This method of Roozeboom gives results which are valid only at” about 
the temperature of fusion. Consider the case of a racemic compound where 
the freezing-point (or melting-point)-composition diagram (Fig. 2) consists of 
three curves. Now suppose that at the temperature of fusion the racemic 
compound is dissociated into dextro and [laevo forms. It is obvious that the 
greater the dissociation the less would be the lowering of the freezing-point 
(or melting-point) when either dextro or laevo is added to the racemic compound. 
It follows that the greater the dissociation, the flatter would be the freezing- 
point (or melting point)-composition curve. In other words the flatness of 
the curve would depend upon the stability of the racemic compound at the 
temperature ‘of fusion, 


Singh and Perti (Singh et. al., 1943, 19449). have studied the melting- 
point-composition curves of racemic and active modifications of camphorqui- 
none, camporic acid, camphoric anhydride, camphor-f-sulphonic acid and 
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its salts with aniline, toluidine (o-, m- and p-), napthylamine (a-, f-), 
and - ar-tetrahydro-a-naphthylamine. In- all cases they found that the 
racemic modification is a true compound at the temperature of fusion and is 
fairly stable in all cases except that of camphoric anhydride. Singh and: 
Tewari (Singh et. al., 19470) studied the nature of racemic modification with' 
. the help óf melting-point-composition curves in the case of 3-nitro-p-toluidino-, 
5-iodo-o-toluidino-, 4-nitro-o-toluidino-, oxy-, 2-nitro-p-toluidino-, 3-nitro- 
` 4-chloranilino-, 2:5-dichloroanilino-and 4-chloro-o-toluidino-methylene camph- 
ors. They found that the racemic modification in each case is a compound 


except in the case of 3-nitro-p-toluidino-methylene camphor which is ^|. 


a mixture at the temperature of fusion. From the nature of the curves. 
obtained they also discussed the stability of various racemic compounds. Singh 
and Nayar (Singh ei. al., 1949D) studied the degree of dissociation of racemic 
modification of camphor carboxylic acid at its melting-point. Singh, Panicker 
and Ranganathan (Singh et. al, 1952) applied Roozeboom’s melting-point 
method to find the nature of racemic modification in the case of camphor-f- 
sulphonamide, camphor-f-sulpho ` anhydramide, camphor-f-sulpho-phenyl-, 
o-tolyl, m-tolyl-, p-tolyl-, a-naphthyl-and f-naphthyl-amides and noted 
that all the eight racemic modifications studied were true compounds of dextro 
and lavo forms. Singh and Miss Amga (Singh ef. al., 1953) carried out 
similar studies in the’ case of o-, m- and p-chloranilino-camphor- -R-sulpho- 
nates and camphor-B-sulphonyl-o-, m- and p-chlorophenylamides. These . 
workers tried to develop an equation for the freezing-point curves but 
found that the systems represented by the experimental curves: are compli- 
-cated and their actual behaviour is not sufficiently understood. Singh 
and Miss Seth (Singh ef. al., 19568) studied the nature of racemic forms of 
phenyl, o-, m-, p-chlorophenylimino camphors and phenyl, o-, m-, p- 
chlorophenylamino comphors and found that the racemic forms of 
o-chlorophenylimino and aminocamphors are solid solution, whereas the 
remaining forms are true comipounds. m-CGhlorophenylamino-( 4-)-camphor 
exists. in dimorphic forms (a- and f-). Study of the melting-point- 
composition curves. by these authors suggested a new method for the deter- 
mination of transformation (transition) temperature of the dimorphic forms. 
The method is: ‘If the transition temperature is above the melting-points 
of the mixtures of f-form with a third substance (d-form), the curve of 
the metastable form (-) will always lie above that of the stable form (B). 
If, however, the transformation temperature is below the melting-points of the 
. mixtures, the melting-point curves of a-form and the f-form with d-form would 
be identical. The point where the two curves meet will be the transformation 
temperature.” The temperature of transformation of a-form into f-form in 
the case of racemic form of m-chlorophenylamino camphor was found to be 
116.10, Singh and Miss Amma (Singh et. al., 1955D) in the case of racemic | 
forms of camphor-f-sulphonyl-o-, m- and p- bromophenylamides and o~, 
m- and p bromanilino-camphor-g-sulphonates found that the racemic 
‘forms | are true dd ie: It was also observed that the racemic camphor- 
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B-sulphonyl-o-, m- and p-bromophenylamides have a very low range of 
stability and form solid solutions between the composition ranges 10 dextro:90 
racemic to about 60 dextro: 40 racemic. The o-, m- and p-bromanilinocamphor 
-f-sulphonates were, however, found to be quite stable. Singh and Verma 
(Singh et. aL, 19579) examined the nature of racemic modification of 
camphor-f-sulphonyl-o-, m- and p-nitrophenylamides, camphor-f-sulphonyl- 
o-, m- and p-phenylene diamines and o-,m- and  p-phenylene-bis-camphor- 
B-sulphonylamides and found that camphor-f-sulphonyl-m- and p-nitrophenyl- 
amides,  camphor-B-sulphonyl-p-phenylene diamine and _ o-phenylene-dis- 
camphor-f-sulphonylamide exist as solid solution and the rest are true 
compounds of the dextro and laevo forms. Singh and Sarma (Singh 
et. al., 1958) studied the nature of racemic modifications. of methyl, ethyl, 
phenyl, co- and p-tolyl and a- and f-naphthyl-camphor-f-sulphonates. 
They observed that the , racemic modifications of these esters are 
true compounds except in the case of B-naphthyl-camphor-B-sulphonate 

. which exists as a’ solid solution. Singh and Verma (Singh et. al., 1957») 
found that the racemic forms of camphor-f-sulphonyl-o-, m- and p- 
methoxy phenylamides and camphor-f-sulphonyl-m- and p-ethoxy phenylamides 
are true compounds of the dextro and laevo forms, In these com- 
pounds, it was found, that the racemic modification of camphor-f-sulphonyl 
-m-methoxy phenylamide exists in dimorphic forms (a- and f-) and the 
transition temperature of a- into f- form is found to be 92.7-92.8°. Singh 
and Saxena (Singh et. al., 1958) observed that whereas the racemic forms of o- 
and m-ethoxyphenylaminocamphor .exist as solid solution, those of p-sul- 
phonamido-, p-ethoxyphenylaminocamphors are true compounds. Later 
these workers (Singh et. al., 1960) studied the racemic forms of camphano- 
quinoxaline, camphanodihydroquinoxaline, m- and p-phenylene-bis-imino 
and amino camphors by similar methods. They. found that out of these 
.camphanoquinoxaline, : m-phenylene-bi;s-amino and imino-camphors exist as 
solid solution. They also discussed the stability of these racemic forms with 
the aid of their melting-point-composition diagrams. 


From the foregoing it is evident that one can easily distinguish between 
a racemic mixture and a racemic compound. The freezing-point (or melting- 
point) of the substance under consideration be determined and then a small 
amount of pure either active form be added to it andits freezing-point (or 
melting-point) be determined agáin. If the freezing-point (or melting-point) 
is higher, it isa mixture, and if lower, it is a compound. The distinction 
between a compound and a solid solution can only be made if the freezing- 
point (or melting-point)-composition curve of the raceme and either active 
form is traced. | 


Solubility Method —Roozeboom pointed out that just as the presence of a 
second fusible phase lowers the freezing-point (or melting-point) of an organic 
compound. so the presence of a second soluble phase alters its solubility. There- 
fore, if a solubility-composition isotherm for mixtures of a racemic modifica- 
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tion and its corresponding active forms is plotted, a racemic mixture gives rise 
to two curves, a racemic compound to three curves and a racemic solid solution 
to one curve. Any conclusions drawn from such mixed solubility determina- 
tions are only valid for the particular temperature at which the solubilities are 
determined. ' 


(i) Case_I : Solubility composition curve of a racemic mixture. 


The general shape of the curve would be shown as in Fig. 4. The actual 
shape of the curve would depend on the nature of the solute and the solvent. 
The point c may lie on a straight line joining a and b or may be, below or 
above this line. . 





100% | 100 % | 100% 
“Le | DL- D- 
Fig. 4 


(i) Case—II : Solubility composition curve of a racemic compound. 


The general shape of the curve would be like acbc' a’ in Fig. 5. Since . 
-dextro and laevo forms behave identically in the phenomenon under considera- 
tion the curve would be symmetrical about the central dotted line. The curve 
in general would follow the route acbc'a'. The point b may be in a line with 
aa’ or lower or higher according as the solubility of the racemic form is equal 
to or lower or higher than the solubility of the active forms, 
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Fig. 5. | 


(iii) Case—III : Solubility oomposition curve of a racemic solid solution. 

Solid solution differs from the mixtwre in constituting a single . phase. 
Hence in this case only one curve shall be obtained. The general shape, of 
the curve would be ac'b, acb or ac“b as shown in Fig. 6. The position ofthe 
middle point c, c’, or c” depends upon the solubility of the mixed crystal as 
compared to the solubility of either active form. 





toog, ^ — | 4005, Toor 
E Dir D- 


Fig. 6, 
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It may again be emphasized that the conclusions drawn from such deter- 
minations are only valid at the temperature at which the determinations are 
carried out. The same substance which behaves asa racemic mixture at one 
temperature may behave as a racemic compound at another temperature. Á 
classical example is that of sodium ammonium racemate (tartrate) which below 
27.79 behaves as a racemic mixture and above this temperature as a racemic 
compound. 


. The role of solvent is also important. Racemic modifications sometimes | 
crystallise from one solvent as a mixture, from another as a compound. Pro- 
bably the solvent of crystallization also. plays an important role, thus: sodium 
ammonium tartrate as a mixture crystallises with four molecules of water for 
each active form but as racemic compound with only two; rubidium tartrate 
crystallises as a racemic compound with two molecules of water but as a racemic _ 
mixture with none. 


| Singh and Nayar (Singh et. al., 1945*) studied the ita 
isotherm of active and inactive camphoric acids at 350, They found that the 
solubilities of the dextro and laevo forms are identical. The solubility-composition 
isotherm at 35° was found to consist of three curves indicating that the racemic 
modification is a true compound of the dextro and laevo forms. Similar result 
was obtained by Singh and Perti (Singh et. al., 19459) in the case of racemic 
camphor-sulphonic acid. Singh and Nayar (Singh et. al., 19478) later extended ' 
their work on solubility-composition isotherm of camphoric acid in water at 
250, 450 and at the boiling point of the solutions. In each case they found 
the solubility-composition isotherm to consist of three curves indicating that 
. the racemic form is a true compound at these temperatures. The results 
obtained by the solubility method were found to be in agreement with those 
obtained by Singh and Perti (Singh et. al., 1944°) by the study of melting-point 
composition curves of racemic camphoric acid with either active form. A cor- 
relation is possible in this case between the’solubility curves and melting- 
point curves. The percentage composition at eutectic points as determined 
by Singh and Perti was 80 dextro: 20 racemic. ‘This is quite in agreement with 
the value 88 dextro : 12 racemic at 100° as determined by solubility method. It 
is interesting to note here that according to Ross and Somerville (1926) the 
latent heat of fusion for the active forms of camphoric acid is 4,835 cals. and 
for the racemic form 13,840 cals. This great difference in the latent heats of 
the active and inactive forms points to the great stability of the racemic form 
even at its melting-point. Singh and Nayar (Singh et. al., 19498) have also 
studied the degree of dissociation of racemic camphor carboxylic acid at its 
melting-point by plotting the melting-point-composition curves. 


. It is obvious from the above discussion that in order to distinguish 
between a racemic mixture and a racemic compound it is only necessary to add 
a crystal of the pure dextro or laevo form to a saturated solution of the racemic 
modification at the same temperature, In case of racemic mixture the crystal 
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will not dissolve and the solution will remain optically inactive. In the case 
of racemic compound the addition of crystals of either active isomer results in 
the presence of a new solid phase and the crystal dissolves making the superna- 
tent liquid optically active. This method cannot distinguish between a 
racemic mixture and a racemic solid solution. 


It may be meninei here that on the basis of different physiological ac- 
tion of dextro, laevo and racemic forms Singh et. al., (1936, 19444) have suggested 
a Biochemical Method to distinguish between a racemic mixture and a racemic 
compound. The physiological action of the active isomers is generally markedly 
different but that of the racemic modification will depend upon whether it is an 
equimolecular mixture of the dexiro and laevo forms or a compound. If it is a 
mixture then its effect would be intermediate of the two components. If, on 
the other hand, the racemic form is a compound then its effect may be the 
highest or the lowest of the three isomers. This method for obvious reasons 
cannot distinguish between a mixture and asolution. Singh and Miss Amma 
(Singh et. al., 19578) have also pointed out that in concentrated solution a 
racemtc compound can ‘give different ultraviolet. absorption spectra which, 
however, on dilution will become identical with that of either active form. 
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. REDUCTION PROCESSES AT THE DROPPING MERCURY - 
ELECTRODE IN PULSATING. FIELDS—COPPER ION. . 


H. P. AGARWAL AND S. SINGH 
Department of Chemistry, Motilal Vigyan Mahavidyalaya, Bhopal. 


INTRODUCTION | 


The alternating current polarography -as developed by Breyer and Gut- 
mann can suitably be employed for analysis of the mixture! containing two or 
more metallic ions, whose half wave potentials are quite close to each other ~ 
and which cannot bs analysed by the conventional direct current polaroy 
graphy. Breyer, Gutmann and Hacobian? have obtained interesting results 
while studying the effect of superimposed alternating current of 50 cycles per 
sec. on the discharge of copper, bismuth, antimony and tin (using support- 
ing electrolyte containing halogen ions) at a dropping mercury electrode. 


In the present wo:k, the reduction of copper ion at the dropping mer- 
cury electrode in the pulsating field using 0.5 M K,SO, as supporting elec- 
trolyte has been studied, ~The frequency of the superimposed alternating 
current was varied from: 50 cycles per sec. to 1000 cycles per sec. The dis- - 

appearance?! of the Breyer Gutmann a.c. maximum at higher frequency 

| depends upon the rate of discharge of the ion and the external resistance 
used in the dropping mercury electrode circuit, hence the effect of external 
Dis has also been studied. The pH of the medium influences? 
"is ja Eas the half wave potential of the discharging ion, therefore a 
Ons were also recorded using buffers of different pH h 

. "Mpportine electrolyte, S pre eS 
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merc b 

Sel o The .output from the oscillator could also be direct 
Da. e variable resistance R, through key K,. On pressi ud 
pora s PA E of low magnitude was directly fed e us pm i 
pe id a amplifier A whose output was subsequently cow 
ace : rectifier R, and the d.c. produced was measured by obser 
Ad c pow in the galvanometer scale. The magnitude of a d volta : 
| easured by connecting.the end B of resistance R, to Y axis of he 


- Philips cathode ray osci | 
ps cathode ray oscillograph (GM 3156 sensitivity 1 mv r.m.s.[cm) through ` 


ke P . . + H 

| ui i ee any measurement of rectified d. c. produced due to ` 
Eo oe given, the initial deflection. obtained on the galvanometer . 

| thea. c. input in the amplifier is zero (but for a slight a.c. hum) . 


was balanced i te 
provided » one "Ry and cel x decies abun gees P 
iid . The resistance R 
shunt to the galvanometer, .Se MES accum d 4d ved as a 
. a. c. frequen sed (5 Separate plots were obtained for each kind of 
input i At po ree dpt en 
er) a i 
meter scale obtained due to the rectified d. e eel ae eae 
ria constant). Tae observations were confined to s Tom 
portion of the plot obtained above (for amplifier characteristic at particular 
frequency). Knowing the deflection on galvanometer scale, the maguitude of 
a.c. at any frequency could be obtained from the respective plot. 
- Ad. c. potential of known voltage is tapped from a Leeds and Nor- 
thrup potentiometer P. 'The positive terminal of the output is connected 
do i the pool electrode of the dropping mercury electrode “assembly and 
the negative is being connected to the end B of “variable resistance box 
R,. The other end of the dropping mercury electrode assembly is connected 
to -earth through the two resistance boxes R, and Rẹ. The a. C. component 
of gthe current (with the dropping mercury electrode assembly in the circuit) 
ig mcasured across R,. The magnitude of a. c. voltage 
adjusted by varying R, sothat the observations at any freque 
to range in which the amplifier characteristics are 
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piamen on of resistance effect is somewhat E due to the follow- 
ing reasons :— 


(i) The electrolyte contains polar molecules, the dielectric constant 
under alternating current conditions, is a result of the rotation of polar mole- 
cules under the influence of the applied voltage. The extent to which the 
polar action is affected depends upon the frequency and the temperature. 
These effects’ may also partially be responsible for altering the capacitance, 
corresponding to the electrical double layer at the dropping mercury electrode, 
in the absence of slow relaxation effect of the type envisaged by Narayan 
and coworkers’. 


(ii) The change in the growth of the mercury drop at the electrode, 
under the varying influences, is likely to affect the capacitative impedance 
of the electrical double layer. 


EFFECT OF pH or MEDIUM ON THE A. C. MAXIMUM 


The pH of the medium seems to have a marked effect on the half wave 
potential of the reducible ion, as obtained from d. c. potential values at which 
the a. c. summit is observed. The half wave potential value at pH 3.1 is 
lesser than that obtained at pH9*3. At higher pH (pH*:9), not only the magni- 
tude of half wave potential increases further, but instead ofa single peak, two 
peaks are obtained in the curve (Figs. 5 & 6). The splitting up of the summit 
into doublet wave, apparently has resulted due to the reduction of citrate 
complexes in sluggish equilibrium. "This behaviour seems to be somewhat in 
analogy with the -tartrate system, as has been studied by Meites*. At lower 
and higher frequency the general behaviour remains unaltered. 


SUMMARY 


The reduction of copper. ions at the dropping mercury electrode has been 
studied in the superimposed alternating fields of varying frequencies. The 
summit current at all frequencies appears at the half wave potential upto 
1000 cycles per second, when the external resistance of the cell circuit was 
200 ohms. When the external resistance in the cell circuit is increased upto 
500 ohms, the a.c. peak disappears away even at 1000 cycles per second. 
The results have been explained on the basis of diminution in the over-all 
capacitative impedance of the dropping mercury electrode as the half wave 
potential is approached as well as when the frequency of the alternating field 
increases, 


With the increase in pH of the media the half wave potentials are 
markedly influenced and at pH beyond seven, the wave is found to be splitted 
up into a doublet due to copper citrate complexés, 
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E ffect of External Resistance in Cell Circuit on the Behaviour of 
Dropping Electrode (Copper Ion 2-0 x 10-3M in 0°5MK,SO,) in . ; 
Pulsating Fields. Alternating Current Frequency 1000 Cycles/Sec. 


Fig. 4. 
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ALTERNATING CURRENT. IN MiCROAMPERES. 
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FIG. 5. 
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MORPHOLOGICAL STUDIES IN SOME MEMBERS OF THE FAMILY 
PEDALIACEAE—II PEDALIUM MUREX LINN. 


S. P. Sinon | 
Department of Botany, B. R. College Agra. 


Pedalium murex is a small xerophytic herb bearing yellow flowers and spinous 
fruits. There are two pink ‘coloured nectaries on the sides of the pedical 
similar to those of Sesamum indicum. Srinivasan (1942) has described the em- 
bryology and Rao (1953) the floral anatomy of the plant. Both of these works 
are fragmentary and at places the observations are inconclusive. No’one has stu- 
died the morphology of either the nectary or the spines of the fruit. The present 
paper deals with the observations on embryology, floral anatomy, development 
of nectary and its anatomy, seed and fruit structure. These observations will 
finaly help in understanding the relationship of this genus with those like 
Sesamum indicum with dehiscent non-spinous fruits and Martynia diandra and 
Trapella sinensis with indehiscent spinous fruits. 


MATERIAL AND METHODS 


The material of Pedalium murex was collected from Banda Baretha, 
Bharatpur (Rajasthan), during the months of August and September and was 
fixed in formalin-acetic alcohol mixture. Fixed flower buds, open flowers, 
fruits and seeds were dehydrated and infilterated through ethyl alcohol-xylol 
series and tertiary butyl alcohol series. The material was then embedded in 
paraffin and sections 8-20 # thick were microtomed. The staining procedures 
for the sections and the whole mounts of pollen grains were the same as those 
followed for S. indicum (Singh, 1960). 


OBSERVATIONS 


Floral Morphology—The flowers are hypogynous, zygomorphic and penta- 
merous. The androecium, however, consists of four stamens and a staminode. 
The stamens are epipetalous and didynamous with glandular protruded con- 
nectives, the gynoecium is bicarpellary, bilocular, superior having two pen- 
dulous, anatropous and unitegmic ovules in each loculus. 


Organogeny of flower—The floral primordium arises as a dome shaped 
structure in the axil of a leafy bract (Fig. 1). The calyx initials are first to 
arise (Fig. 2) followed by corolla and stamens (Figs. 3 and 4). The central 
portion of the flower initial, left after this differentiation becomes broader 
and produces two semicircular outgrowths as carpellary initials (Figs. 5 and 6). 
At the place of the fusion of the carpellary initials, placentae arise (Figs. 
9, 10). They grow inwards and ultimately meet in the centre dividing the 
ovary cavity into two chambers (Figs. 7, 10 and 11) excepting in the upper- 
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most region of the ovary. The floral parts, therefore, are differentiated in 
acropetal order. 


Development of Nectary —Nectary also arises as a small protuberance in the 
axil of a bract like a flower (Fig. 12) and gradually gets differentiated into 
a structure with four whorls of appendages comparable to calyx, corolla, 
androecium and gynoecium (Figs. 13-18). When all the whorls of the appen- 
dages of the nectary are laid down, the inner two whorls take up deep stain: 
A similar behaviour of the inner whorls is also seen in Sesamum indicum (Singh 
1960) and has been attributed to the taking up of the secretory function by 


these organs*. 


Vascular supply of flower— The node bears two lateral leaves, each of which 
receives a single leaf trace from the stem stele. Thisis soon followed by a 
pair of branch traces arising from the adjoining slides of each leaf gap 
(Fig. 19). Each branch trace gives out a strand laterally to supply the nectary of 
its side (Figs. 20-22). ` The remaining tissue of the branch traces organizes 
itself into a more or less cylindrical structure, and ascends in the pedicel of 
the flower (Fig. 22). The bract subtending the nectary, however, does not 
receive any vascular supply (Fig. 21). 


Fig. 23, represents the perspective view of the flower showing the levels 
from which the transverse sections have been drawn. Transverse section of 
the pedicel shows a complete ring of vascular tissue (Fig. 24), and at a slightly - 
- higher level ten traces emerge from it (Fig, 25). The five alternative ones of 
these traces enter the calyx as the midvein bundles (Fig. 26 km) while the other 
five are the common traces for the calyx and the corolla. Each one of these 
traces separates into two calyx laterals and corolla trace (Fig 26, kl, c). 


The calyx laterals move: out laterally and enter the adjoining sepals 
(Figs. 26-28). Each of the corolla traces, on entering the corolla first divides 
into three (Figs. 29, 33), and then the resultant branches further subdivide as 
they ascend the corolla tube (Figs. 31, 32). 


From the main stele five more vascular traces are given out to the epipe- 
talous stamens (Figs. 28-30). These bundles alternate with the corolla traces. 
The present observation, however, does not support Rao (1955), who considers 
that the supply to the stamens and the calyx originates as a common strand. 
The staminal traces remain undivided upto the level of the anther and give 
a more or less amphicribral appearance in cross section (Figs. 31-34). In the 
four fertile stamens, the staminal bundles trifurcate on entering the anther. 
The resultant lateral branches move out and enter the adjoining anther lobes, 
while the middle one goes up and ends in the tissue of the connective. In the 
staminode, which is completely devoid of another, the bundle ends blindly 
in the upper region of its tissue. | 





* Scc Esau, 1953. 
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After the traces to calyx, corolla and androecium are given out the 
remaining vascular bundles are arranged in manner giving an oval appearance 
in cross section (Fig. 29). At this level fine traces are given out from these 
bundles to the hypogynous disc (Fig. 29). After supplying the disc, the central 


- stele is seen to consist of vascular strands of unequal sizes. ‘There are two large 


bundles in the anterio-posterior direction of the ovary forming the two 
dorsal carpellary bundles (Fig. 30). The other two large bundles in the plane 
ofthe septum, are the ventral carpellary bundles and are normally oriented. 
The strands on either side of the ventral carpellary bundles are the lateral 
bundles of the carpels. The lateral, as well as the dorsal and ventral carpellary 
bundles, give out smaller branches in the ovary wall. Each ofthe ventral 
Meurs bundles gives out a branch in the region of the ovular attachment. 
These branches move inwards and enter the septum of the ovary (Figs. 31-32). 
Each one now divides into two and the resultant traces move out in opposite 
direction to supply the ovules. The remaining tissue of the ventral carpellary 
bundles divides into two (Fig. 32), and the resulting branches move out 
laterally and disappear near the base of the style along with other lateral 
bundles. Thus, above the region of ovular attachment, no vascular tissue is 
left in the small outgrowths of the placentae. In this short region the ovary is 
also found to be unilocular., The dorsal carpellary bundles alone pass through 
the style to enter the stigma (Fig. 34). 


Vascular supply of Nectary—The vascular supply to the nectary is given 
out from the branch trace. It organizes to form a cylindrical stele in the stalk 
of the nectary (Fig. 36). It may be mentioned further, that the bract subtend- 
ing the nectary does not receive any vascular supply (Figs. 35, 36) whereas 
in S. indicum (Singh, 1960) the bract receives a vascular trace. The vascular 
cylinder of the nectary becomes dissected higher up and appears to 
give rise to about ten strands (Figs. 37, 38) none of these enter the appen- 
dages and all are seen to terminate near the bases of the various outgrowths 
in the receptacle itself (Fig. 35, 38, 40). It has also been observed that lignified 
elements are not present in the distal portion of the vascular strands. 
Esau (1953) has mentioned that such a condition of vascular strands 
in nectaries is due to the presence of the secretory cells above them. Poor 
vascular supply to the appendages and its complete absence in the nectar 
bract suggest that the primordium destined to form nectary in Pedalium -murex 
has undergone more modification and reduction than S. indicum (Singh, 1960). 


Nature of flower and Inflorescence—Zimmerman (1932) and Esau (1953) 
have shown that those nectaries which are organized structures are found to 
be associated with vascular tissue. Nectaries in Pedalium have not only the 
vascular supplies in them but the distribution pattern of the vascular tissue 
is like that of flowers. The studies on organogeny of the nectaries have also 


‘revealed that the nectaries follow a course of development similar to that of 
flowers. Therefore, on the basis of organogeny and vascular supply of the 
; nectaries and flowers it appears that nectaries in Pedalium also are morphologi- 
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cally floral buds with arrested growth and have undergone slight modification to 
suit the function of secretion like the nectaries of S., indicum (Singh 1960). 


At the nodes in Pedalium, and Sesamum (Singh, 1960) the trace to the 
bract or the leaf is followed by the branch trace. From the branch traces . 
lateral traces are given out to the nectaries in Pedalium and to the substending 
bract and the nectaries in Sesamum. The remaining vascular tissue of the branch 
trace passes up in the flower. This continuity of the "vascular system from the 
place of its origin upto the flower shows that the two nectaries and the flower 
are component organs of the same axillary branch. The terminal flower and 
the nectaries in Pedalium as well asin Sesamum, therefore, form a reduced 
cyme i, e., a trichome where the terminal bud has only developed into a 
fertile flower while the lateral buds have undergone reduction and modifica- 
tion for secretion. : 


Microsporogenests and male gametophyte—A stamen appears as a club-shaped 
structure with the broader portion forming the anther and the connective, 
while the lower portion forms the filament. The epidermis of the protuberance 
(Fig. 41) consists of elongated glandular cells. The archesporium ‘consists of a 
group of hypodermal cells at the corners of the anthers (Fig. 42). Each of the 
archisporial cell divides periclinally to give rise to a primary parietal cell and 
a sporogenous cell (Fig. 43). The parietal cells also divide periclinally to 
produce four layers forming the endothecium, two middle layers and a 
layer of tapetum (Figs. 44, 45). The endothecium on the sides of the connec- 
tive, however, is more than one layered thick (Fig. 50). The cells of the 
endothecium later develop characteristic fibrous thickenings (Figs. 48, 49, 90), 
while the middle layers degenerate. 


The tapetum is of glardular type and the layer adjacent to the con- 
nective differentiates earlier than the one of the peripheral side. The former 
also differs in origin from the lattér, as it is derived from the cells of con- 
nective side just abutting the sporogenous cells while of the peripheral side 
is the inner-most layer of the anther wall. Later the cells of the tapetum 
enlarge and become multinucleate with 2-4 neclei where each nucleus has 
several nucleoli (Figs. 46, 47), but finally all the nuclei of a cell fuse to form a 
big nucleus (Fig. 48). This is soon followed by the appearance ofthe deeply 
stained refractive bodies on the inner walls of the tapetal cells (Figs. 48, 49). 
Such refractive bodies have also becn secn in Sesamum indicum (Sirgh, 1960). 
As the.e bodie3 increase in number the protoplasm of the cells goes on dis- 
appearing with the result that the whcle layer is used up in the production of 
these refractive droplets (Figs. 49, 50). Simultancously with the degeneration 
of tapetum ard the middle layers the septum dividing anther cavity also 
dissolves, bringing about the rupture of the anther in the plane of the septum 
(Figs. 51, 52). : 


The cells of the primary ron layer. function directly as the 
microspore mother cells, The division is of simultaneous type and the resul- 
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tant tetrads of microspores are either tetrahedral, isobilateral, 'deccusate or 
 "-shaped (Figs. 53, 56). Each microspore first forms a bi-celled pollen grain 
and then by a division of the generative cell, it becomes a 3-celled pollen 
grain (Figs. 57, 58). The exine ofthe pollea grain shows a thickening of 
hexagonal pattern and has six longitudinal furrows, allof which can be seen 
only in the polar view (Figs. 59-61). The pollen grains are oblate and hexacol- 
pate.* The behaviour ofthe furrows or the colpi is exactly similar to that of 
Sesamum indicum (Singh, 1960) as they get expanded when the pollen grains are 
exposed to moisture with the result that ths cytoplasm slightly buldges out 
through the gaps of the furrows (Fig.61). 


Megasporogenesis and female gametophyte—The ovular initials arise near the 
upper end: of the placenta. One or two (Fig. 62) archesporial cells differen- 
tiate in the hypodermal layer near the tip of the ovular primordium, of which 
only one develops further. At-the megaspore mother cell stage the integument 
is initiated laterally and by the time tetrads are formed it surrounds the 
nucellus leaving only a narrow micropyle (Fig. 64). 


The archesporial cell functions directly as the megaspore ‘mother cell 
and produces a linear tetrad of megasporcs of which the chalazal one functions 
to form the embryo sac (Figs. 65-66). The nucleus of the functioning megaspore 
divides to give rise first to a binucleate (Fig. 67) then to four nucleate (Fig. 68) 
and finally to eight nucleate embryosac. The latter becomes organized with an 
egg apparatus, two polars and three ephemeral antipodals (Figs. 69, 70). 


As the functioning megaspore develops to form the embryo sac the 
cells of the nucellar epidermis start degenerating. The degeneration is followed 
by the differentiation of the cells of the inner epidermis of the integument 
into ‘tapetal layer’. But by the time embryo sac is organized, the cells of the 
chalaza below the embryo sac also become differentiated into hypostase. 
Srinivasan (1942), however, has considered these cells merely as an extension 
of the integumentary tapetum. 


Endosperm—The tip of the pollen tube after reaching the embryo sac be- 
comes broad and stains deeply. The presence of the remains of the pollen tube 
in the post-fertilization stage (Fig.73) is similar to that of S. indicum (Singh 1960). 


The development of endosperm starts more or less immediately after 
fertilization while that of the zygote, the development is slightly delayed. 
The first division in the development of endosperm is transverse producing a 
cell towards the micropyle and the other towards the chalaza (Fig. 71). In 
the micropylar segment the first two divisions are longitudinal. This is then 
followed by transverse divisions giving rise to an elongated endosperm (Figs. 
72, 73). The chalazal segment elongates and its nucleus divides twice to 
form a coenocytic haustorium (Figs. 71-73). ` 


* Terminology used after Erdtman (1952). 
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After a sufficient amount of endosperm is formed, the chalazal haus- 
torium degenerates (Fig. 74). This is followed by the differentiation of 
micropylar haustorium (Fig. 75), perhaps to compensate for the degenerated 
chalazal haustorium. In the later stages of development the micropylar 
haustorium also degenerates and its remains could be seen even in a mature 
seed. No reference has been made regarding the degeneration.of the chalazal 
haustorium and the differentiation of micropylar haustorium: by Srini- 
vasan (1942). 


When the chalazal haustorium starts degenerating the endosperm be- 
comes differentiated into three portions, namely, the chalazal, the central and 
the micropylar (Figs. 74-76) similar to that of S. indicum. The cells of the 
chalazal and the microplyar portion are meristematic and appear to be 
responsible for the growth of the endosperm (Figs. 74, 75) while the central 
portion consists of elongated highly vacuolated cells (Fig. 76). During 
further.developmient most of the endosperm is used up by the developing 
embryo sac so that only a thin layer of endosperm is left in the mature seed 
(Figs. 77-78). The endosperm cells contain some reserve food material. 


Embryo—The zygote becomes elongated having the nucleus in its 
terminal portion while the basal portion contains the deeply stained cytoplasm 
(Fig. 79). The first division of the zygote is transverse producing a terminal 
cell and the basal cell cb (Fig. 80). The terminal cell ca next divides longi- 
tudinally and this results in the formation of inverted T-shapéd proembryo of 
three cells (Fig. 81). Transverse divisions of the cell cb and its derivatives give 
rise to a long suspensor with its lower-most cell functioning as hypophysis 
initial (Figs. 82, 83). Srinivasan (1942) has made no mention of the hypo- 
physis initial. The suspensor is gradually used up so tbat by the time seed 
' becomes mature it completely disappears. 


' The two embryonal cells derived from ca divide longitudinally and 
transversely producing eight cells arranged in two tiers (Fig. 82). These 
divide in oblique and periclinal planes to form a globular embryo with 
differentiated epidermis (Figs. 83, 84). Further growth makes the embryo 
heart-shaped (Fig. 85). The mature embryo is spathulate and occupies 
nearly the whole space of the seed (Fig. 86). The present observation shows 
clearly that the embryo develops after Onagrad type (Johansen, 1950), similar 
to that of Sesamum tndicum (Singh, 1960). 


Sesd—The integument at megaspore mother cell stage is 3-4 layered 
thick which becomes 10-12 layered by the time mature embryo sac is formed 
- (Figs. 87, 88). The inner epidermis forms the characteristic ‘integumentary 
tapetum’ and the thickness of the integument is brought about by the divi- 
sions of its cells, as well as by cells of the outer layers of the integument 
(Figs. 88, 89). 


~ 
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As the ovule grows older the cells of the outer epidermis become thick- 
walled (Fig. 90). In surface view these cells are polygonal in shape (Fig. 91). 
The inner epidermis and most of the cells outer to it degenerate but the cuticle 
of the inner epidermis persists. As the seed matures only 4-5 layers of cells of 
the integument are left, which along with the inner cuticle form the seed coat. 


Fruit—The ovary wall in pre-fertilization stages consists of 15-20 
layers of cell (Fig.92). They are all of parenchymatous cells with procambial 
tissue distributed here and there. In post-fertilization stages certain charac- 
teristic anatomical and morphological changes take place in the ovary wall; 
namely the development of glandular hairs in the epidermis, the differentia- 
tion of fibrous tissue and the development of spines. 


A fully developed hair consists ofa stalk and a head of four radially 
arranged cells (Fig. 93). These hairs, however, degenerate when the fruit 
matures. The fibrous development is initiated by the divisions in the inner 
layers of the fruit wall. Three types of fibres arise from these cells, The 
fibres surrounding the ovary cavity are tangentially elongated while outer to 
it forming the major portion of the fibrous layer are longitudinally elongated 
fibres. The positions coinciding with the spines mark an abundant develop- 
ment of obliquely oriented fibres. The spines therefore, are formed by the 
strong development of fibres in association with lateral bundles of the carpels 
(Fig. 96). 


The pericarp of the mature fruit becomes differentiated into two 
portions. The outer consists of predominantly parenchymatous cells while 
the inner of fibres (Figs. 94, 95). When the fruit dries the outer parenchyma- 
tous cells degenerate. The fibrous zone only remains which forms a thick 
and hard layer around the pericarpial cavity and as its constituent. fibres are 
differently oriented, it does not show Diu at any point. Therefore, the 
fruit remains indehiscent. 


SUMMARY 


The flower of Pedalium murex bear two laterally placed nectaries on its 
pedicel. The  nectaries are potential flower. buds modified as organs of 
secretion. Tre flower and the two lateral nectaries form a trichome, in which 
the terminal bud is fertile while the lateral buds are modified into nectaries. . 


The floral organs develop in acropetal succession. The placentae are 
' formed at the point of contact of the semicircular carpellary initials. The 
placentae meet in the centre and produce a bilocular ovary. 


The medium bundles for sepals and stamens have separate origins 
while the calyx laterals and the traces for the corolla arise as common 
traces. Vascular supply to the gynaecium consists of two dorsels, two ventrals 
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and a number of lateral bundles between them. The hypogynous disc , 
receives a large number of fine traces from the central stele of the pedicel, 
The wall of the anther consists of epidermis, a fibrous endothecium, two 
middle layers and a single layered multinucleate glandular tapetum. The 
dehiscence of the anther takes place by, the dissolution of septum dividing 
the anther cavity. The pollen grains are 3-celled, oblate and hexacolpate. 


The ovules are unitegmcic, tenninucellate, anatropous and pendulous’ 
with dorsal raphe. The embryo sac development is of Polygonum type and 
a mature embryo sac has an cgg apparatus, two polars and ephemeral 
antipodal cells, The inner epidermis of the integument forms the integumen- 
tary tapetum and the hypostase is differentiated below the embryo gac. 


The endosperm is of cellular type with chalazal and micropylar haus- 
toria. The chala&al haustorium is long four-nucleaté coenocytic structure. 
The micropylar haustorium is differentiated slightly later after the chalazal 
haustorium has degenerated. Embryo develops after Onagrad type. The 
mature embryo is spathulate in shape with two thick cotyledons and a 
prominent radicle surrounded by scanty endosperm. 


The seed coat is formed mainly by the thick-walled outer epidermis 
along with a few layers of degenerated parenchyma and inner cuticle. The 
fruit is fibrous, indehiscent and spinous. The obliquely oriented fibres in 
association with lateral bundles of the carpels form the spines. 
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Figs. 1-11. Organogeny of flower (a, androecium; b, bract; c, corolla; f, flower 
primordium; g, gynaecium; &, calyx; o, ovule; p, placenta). Fig. l. L. S. apex 
of the inflorescence showing bract and the flower primordium. Figs. 2-7. L. S. 
showing development of floral parts. Figs. 8-11. T. S. gynaecium initial 
showing the organization of placentae. (For detail see text.) Figs. 1-6. X 500. 
Fig. 7. X 100. Figs. 8-11. X 200. . 
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Figs. 12-18, Development of nectary (a, appendage cf. androecium; b, bract; c,- 
appendage cf. corolla; f, portion of flower; s, appendage cf. gynaccium; k, 
‘appendage cf. calyx; n, nectary primordium). Fig. 12. L. S- showing nectary 

initial in the axil of the bract near the basal portion of the flower. Figs. 13-17. 

L. S. showing development of different whorls of appendages. Note the simi- 
larity of Fig. 17 with that of the flower bud (Fig. 6). Fig. 18. T.-S. nectary 

showing the four whorls of appendages» Note the pentamerous nature of outer 
- three whorls cf. calyx, corolla and androecium and the inner of only two 
‘appendages cf. carpels. Figs. 12-17. X 500. Fig. 18. X 200. 
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20 "m 

. Figs. 19-22. (b, bract;. b:, bract trace; bn, branch trace; f, flower supply; 
n, nectary supply; nb, nectary bract).. T. S, node showing the origin of vascular 
supply to flower and nectary. Note the absence of vascular tissue in the 
bract subtending the nectary. AIM X 80. (For explanation see text.) 

Figs. 23-34. Vascular supply of flower (a, staminal supply; bs, branches from 
the ventral carpellary bundles; c, corolla trace; d, dorsal carpellary bundles; 
f, fibrous tissue ; Al. calyx laterals; km, calyx median; position of the posterior 
staminode; s, supply to the hypogynous disc; » ventral carpellary bundle). 


` 
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Fig. 29. Diagrammatic perspective view of flower. Figs. 24-34. T.S. at the 
levela as marked in Fig. 23. Figs. 24-34. X 100 (For explanation see text.) 
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Figs. 35-40. Vascular supply of nectary (a, appendage cf. stamen; c, append- . 
age cf, corolla; g. appendage cf. gynaccium; k, appendage cf. calyx; nb, 
bract of nectary). Fig. 35, L. S, nectary showing the approximate levels from 
which T. S. have been drawn. All x 200: (For planation sec text.) ` 
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Figs. 41-61. Megasporogenesis ` and development «of male gametophyte (es. 
glandular connective, s, degenerated septum of the anther). Fig.4l L.S. 
stamen showing glandular connective, anther - aud filament.. X 100. Figs. 42- 


50. T.S.showing development of sporogenous tissue and wall layers of anther. 


Fig. 42-49 X 300 Fig. 50. X 100 Figs. 51,52. Dehiscence of anther wall. 


. Fig. 51 X 20. Fig. 52 X 100. Figs. 53-56. Tetrads. X 300 Fig. 57. Bicel' 


led pollen grain. X 300. lig.58.' Tricelled pollen grain. X 300 Figs. 58-60. 
Polar and equitorial view respectively of the pollen grains. X 300. Fig. 61. 
Pollen with wide open Colpi. X 300. 


A 


157 - 


S. P. SINGH on Morphological studies of Pedaliaceae 


Jan., 1963] 














Ss run 


Ss 
* RES ag ERSTE Era: 


ONT Pedy 
cna cux sat EO 



























NEC EN 


EA 





6 
Fig. 62-70. Megasporogenesis and female gametophyte (A 
X 1000 


1500 except Fig. 64. 


X 


hypostase) All 





7i 


AGRA UNIVERSITY JOURNAL OF RESEARCH .  [Vol. XII 


ETE 
Sian 


ze whe 
wt 4 "^o as rs 


! 
3 
ti 


"E LE ed 


PERS 
CER 
vio 












3 
Eo 
A 


Y 





Pu 








Kap E et 


a a 
re ied tal $ M fant 
a ee ee TER 
" LJ 


FILE 
EG 














Y: 
"» Det 





+e 
> My 


- Figs. 71-78. Development of endosperm (c, chalazal haustorium; e, endosperm 
m, micropylar haustorium; p, persistent pollen tube; r, radicle; s, integument). 


Figs. 71-72, initial stages in endosperm development. 


X 1500. Fig. 73. Endo- 


"sperm with chalazal haustorium. X 800. ' Fig. 74, degenerated chalazal haus- 
. torium and a portion of the endosperm. X 1000, Fig..75. Micropylar haus- 
torium and a portion of endosperm. X 500. Fig. 76. Central portion of the 


endosperm. X 500, Fig. 77. 


Endosperm from a' nearly mature seed X 1000 


Fig. 78. L. 5. micropylar part of seed showing degenerated micropylar haus- 


torium abutting the endosperm. X 100. 
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nerated micropylar haustorium; r, radicle; s, seed .coat). Figs. 79-85. X 1500. 
Fig. 86. X 50. ` | ; 
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| » 93 
Figs. 92-96. Development of fruit (d, dorsal carpellary bundle; f, fibrous - 

cells; J, lateral bundles). Fig. 92, T. S. ovary wall in pre-fertilization stage. — - 
.Fig. 93. T. S. ovary wall in post-fertilization stage showing an epidermal hair. 
Figs. 94, 95. T.S.showing outer and inner respectively of fruit wall. All X 
1000 Fig. 96 Diagrammatic perspective view of mature fruit showing the asso- 
ciation of fibres and the carpellary bundles in formation of spines. Note thc 
positions of strong fibrous development and the lateral bundles of the carpels. — 
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GONIOMETRIC STUDY OF DYSPROSIUM SULPHATE 
OCTAHYDRATE 


RUPENDRA Kumar KasHvAP — —— 
Physical Laboratories, Agra College, Agra. 


ABSTRACT 


With a two circle goniometer the interfacial angles of Dy,(So,),8H,O 
crystals were measured. Modifying the illuminating system of the goniometer, 
faithful measurements could be obtained even from striated faces. From the 
observed interfacial angles we obtain a : b : c=3.0158:1:2.0160 and $=118028' 
agreeing well with the values of the other members of the series. 


INTRODUCTION 


In recent years the physical properties of the isomorphus series of the 
octahydrated sulphates, the halides, the ethyl sulphates of rare earths ions 
have focussed the attention of a large number of workers. A large amount 
of data on magnetic suscéptibility, paramagnetic resonance absorption, optical 
absorption etc., have been collected. Crystallographic data by X-ray methods 
are available for crystals like anhydrous DyCl, (Zachariasen 1948), Sm, (So,), 
8H,O (Zachariasen 1935), Ethyl sulphates (Kateler 1937) and double nitrates 
(Duffus and Wolf 1953). Morphological crystallographic data are available 
only for the octahydrated sulphates of Pr, Nd, Gd, Sm, and Er (Groth 1908) 
and Smcl,6H,O (Pabst 1931). 


The crystallographic data of goniometric studies for the octahydrated 
crystals which are useful for X-ray and magnetic studies are not available 
fot other members of the series, Hence the present author has undertaken 
the goniometric studies of the octahydrated sulphates of Eu, Dy, Ho, Tb, 
and Yb. This will be useful for the magnetic ey measurements 
which are in progress in this laboratory. 


EXPERIMENTAL 


The crystals of Dy, (So,);8H,O were obtained by slow evaporation from . 
slightly acidic aquous solution ina dust free chamber. Chemical used was 
of E. Merck G. R. variety and triple distilled water was taken for preparing 
the solution. After several days a crop of good crystals came out. These 
were redissolved and recrystallised, when very good crystals were obtained, 
From this crop a few well defined crystals weighing about 0.005 gms were 
picked up and tested under a polarising microscope for any probable twinning. 
Finally ten good single crystals were selected for goniometric study. 
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The two circle goniometer used for the study of Dy,(So,) 39H40 was 
modified to give better and. clear reflections even from striated surfaces of the 
crystals and thus avoided the necessity.and labour of selecting the crystals 
. very accurately from the large number for goniometric purpose as was in 
usual practice. And this was achieved by introducing a new form of cross- 

e “Crossed Filament Bulb" (Fig. 1) in place of simple non-lumnious 
crosá-wire in collimator. The image of this crossed filament which was 
produced in the telescope after the reflection from the crystal surface was 
bright on a dark background (while the image of non-lumious cross-wire was 
dark) and so could be seen and located much more easily and clearly. 


RESULTS 
(a) Crystal:— l 
Monoclinic, prismatic, 2/m. a:b:c=3.0158: 1: 2.0160. 8—118928'. 


(b Forms Represented :— 
Orthopinacoid {100} and Basal pinacoid {001}, {101}, (111) and (311). 


(c) Interfacial Angles :— 

The normal crystallographic ings taking symmetry coi and 
good reflections are as follows. The notations for faces are according to 
Groth. 





- 








Angles Measured value of angles Calculated value of angles 
- P:a— (101) :(100) 77042" — 
a:c— (100) :(001) 61932' —— 
c:P=(001):(101) 40946' -— 
—(101) :(111) 6305" | 
a:r=(100):101) — ^'^ — 37o42' | 37931" 
a:w=(100):(111) | 84920 .—- 84098’ 
= (100) :(311) 52°26’ — 
a:q=(100):(011) an | 76027" 
c:q=(001):(011) —— 60984' . 
DISOUSSIONS | 


(a) Calculations of Interfacial Angles and Indexing the Faces :— 


The stereogram is shown in Fig. 3. The crystal is isomorphous to other 
rare éarth sulphates which have been studied by Groth. The faces a(100) 
and c(001) have been chosen according to (So,)sEr,8H,O crystal (Groth 


e 
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1908) and have been varified magnetically also. The face ‘P’ is (101) and 
so ‘w’ will be (111). 


a (100) The angle a (100) : r (101) can be calculated as follows: 


. 





01 1011 
ot (101) osina :r _sin 400 46'_ 101101 001001 _ l p 
61 32 | sin 61032" sin p^r — 100100 Iorio) 2 q 
C (001) 001001 101101 
4D 46 | p.cota:r pi q). cota : p 
| a from which (100) : r (101)=37031' 
p e(101) 


The angle a(100) : o (111) is obtained fro 
Napierian triangle Fig. (4). i 


cos a’ : œw =cos 6305”. cos 77°42’ 





Therefore a' :w'=a(100) : o(111) —84928' 


Now from Napierian triangle aw'p’ Fig. (5) 
cos a—tan (—5932'). tan (90 4-120187) 


therefore a==63037' 


Again from Napierian triangle 'aqc' Fig. (5) 
cos 63937' —tan 61932'. cot a :q 
therefore a(100) : q(011) —76937' 
and sin c : q—sin 76°27’. sin 63937' 





therefore, — c (001) : q (011) =60034' 
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Now from zone 'o'qa£ 
111111 hklhkl 


w'(111) > sin 1995' _ sin 52026’ — 011011 , 100100 


sin 95%32* “sin 128953" 111111 ' bkihkl 
q (oi) | ! 100100 011011 
or 0.3346 =1/h=k/h 
2 (100) the ratio being a oil Huber 
£ (hk1) | 


therefore 1/3=1/h=k/h or h/3=1/lek/1 


therefore hkl= 311 


(b) Axial Ratios :— 


_¢ tan (001) : (011) _ tan 60034” 
~ sing sin 118028 
sin (001):(101) sin 2491’ 

sin (100) (101) sin 37031’ 


=2.0160 


tra] 
a. 


b 
E — 0.66843 S 
a 

a 


a C 
Po A rr x — = ‘ 
b C b gore 


Mera bie i80 1:9: 0 50 
and . B =118028* 


Itis thus seen that these values of a:b:c and B agree well with other 
octahydrated isemorphous crystals Pr., Nd, Er. etc., (Groth 1908). 
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— Fig. 1. Crossed Filament Bulb 
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HIGH ALTITUDE INSECTS |. 
M. S. MANI 


INTRODUCTION 


High altitude insects are an ecologically highly specialized, mountain: 
autochthone, petrophile, cold stenotherm animals that inhabit the elevated 
regions above timber-line on mountains. The timber-line is the altitudinal 
zone where the forest gives place to open vegetation. On mountains situated 
. in the torrid zone, especially close to the equator, the timber-line lies usually 
between 3050 and 3700 metres above mean sea level, but in the temperate 
- latitudes the upper limits of the forest. are , reached at elevations between 
1500 and 2000 metres above mean sea level. On the Himalaya the timber- 
line is between 3000 and 3700 metres, on the Alps at about 2000 metres, on 
Andes at about 3690 metres, on Mt. Rainier at an elevation of 1970 metres 
and between 400 and 900 metres on North Scandinavian mountains. Although 
thus the timber-line varies within wide limits, the insects habitually existing 
in the treeless zone at elevations above 2500-3000 metres above mean sca 
level should properly be considered as typically high altitude forms. 

i 


The high altitude environment is .characterized by reduced atmospheric 
pressure, low atmospheric temperature often below freezing point, high atmos- 
pheric aridity and rapid rate of desiccation from exposed surfaces, intense 
insolation and radiation, relatively high ultra-violet intensity, high wind 
velocity, more or less prolonged snow cover, scanty soil, ruggedness of terrain 
and short vegetative season. As recently discussed by Troll’? and Búdel*, 
the general high altitude ecological conditions differ considerably, depending 
upon the situation of the mountain in the torrid zone or in the temperate 
latitudes. The greatest bulk of the typical high altitude insects are generally 
small-sized, flightless or apterous, mostly heavily pigmented, terricole forms 
that occur under stones, in the immediate vicinity of glaciers, snow and melt 
waters. There is on the whole a general preponderance of predatory, necro- : 
phagous or other carnivorous types. | ; - 


The high altitude insects exhibit a remarkable and characteristic altitu- 
dinal stratification of species and their abundance also diminishes with 
increase of altitude, until relatively few occur near the snow-line. The snow- 
line, like the timber-line, varies from 5500 metres on Mt. Kilimanjaro to 
about 2590 metres on the Alps and sinks to sea level in arctic regions. On 
the Himalaya the snow-line lies at about 5200 metres and on the Karakoram 
at about 5600 metres. The snow-line does not however represent the upper 
altitudinal limit of insect life on mountains, Diverse insects flourish very 
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much above the snow-line both on the Alps and on the Himalaya. As at 
present known, the highest elevation at which insects habitually exist in the 
world. is somewhat above 6000 metres on the North-West "Himalaya, 
The horizontal distribution of. high. altitude insects is characterized by 
pronounced discontinuity, localized. concentrations, isolation and high ende- 
mism ‘often on single mountain peaks, many of which have also charac- 
teristic local races or varieties. The dominant high altitude insects are : 
Collembola; Coleoptera especially Carabidae, Staphylinidae, Tenebrionidae 
. and Curculionidae; Diptera; Lepidoptera like Parnassius Latr., Argynnis 
Fabr. and Colias Fabr., etc.. Some unique Derinaptera and 'Acrididae are 


also often met with at very high elevations. The melt water torrents abound | 


" in Ephemerida, Plecoptera, Trichoptera and aquatic Diptera. Nearly ` every 


- insect community contains also numerous mites, spiders, | scorpions, ene | 


Symphyla and centipedes. 


- Although high mountains exist in nearly every part of the world, only 
the Alps may, be said to have been more or less fully explored by entomo- . 
| logists. Among the other more well known mountains from which some high 
altitude insects are known.are the Himalayan System, the Alai-Pamir, the 


Caucasus, the Carpathian, the Pyrenees, the Apennine, the Atlas Mountains, - 


the Rocky Mountains, the Alleghenian Range, the Andes and the East 
"African mouníains like Mt. Kilimanjaro, Mt. Elgon, Mt. Kenya, Mt. Meru 
and the Ruwenzori Range. Some of the Abyssinian mountains haye also 
recently been entomologically explored. | Some of the outstanding features 
of insect life at high altitudes, with special reference to the Himalaya, have 
been recently summarized by Manió5, Study of high altitude insects may 


be said to have been sadly neglected so far. The number of species of | 


typical high altitude insects so far known from the world does not in any 

case exceed 5000: Of these, nearly 1500 species are recorded from the 

Alps and other high mountains of Europe, about: 1500 from the Himalayan 

System, 200 from African mountains, 300 from the Rockies and other North | 
American mountains, 300 from the Andes and about 200 from various other 

mountains. Recent experience in the Himalaya has shown that unexpectedly 

larger numbers of species than known at present do actually exist at extreme 

high elevations and this is pos true also of nearly every other high 

mountain in the world. 


HicmH ALTITUDE IwsEOTS FROM THE TORRID ZONE 


The principal mountains of the torrid zone, so far explored entomolo- 
gically, include the East African mountains, viz. Mt. Kenya (altitude 5194 
metres, 0% 28' S. L.), Mt. Kilimanjaro (altitude 5965 metres, 39 55' S. L.), 
Mt. Elgon (altitude 4321 metres, 19 N. L.), the Ruwenzori Range (altitude 
3100 metres, 09 25' N. L.); the Ethiopian mountains; Mt. Kinabalu in North 
Borneo (4097 metres above mean sea level and at 69 N. L.); Mts. Mauna 
Kea (altitude 4250 metres, 199 35’ N. L.), and Mauna Loa (altitude 4168 


+ 
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metres, 199 30' N. L.) in Hawaii; Mt. Pinchincha (4775 urat almost on 
the equator, Mt. Antisana (5660 metres, 1° S. L.) and Mt. Cotopaxi (5880 
metres, 10 S. L.) and Mt. Chimborazo (6255 metres, 1° 30’ S. L.) on the 
Andes in Ecuador (South America); Mt. Huascaran (6762 metres, 99 S. L.) 
on the Andes in Peru and Mt. Orizaba (5546-5698 metres, 199 N. L.) in 
Mexico. A part of the Rocky Mountains in North America is also within. 
the torrid zone. , The Himalaya, situated between 27% and 359 N. L. almost 
near the fringe of the torrid zone, is however considered under the Himalayan 


System of the temperate zone. | ] 


The East African Mountains.—Although numerous scattered references 
to insects from the mountains of equatorial East Africa are found in literature, 
the most important contributions to our knowledge of the high altitude 
insects of Mt. Kilimanjaro, Mt. Kenya, Mt. Meru and the Ruwenzori Range 
¿are by Alluaud*,? Alluaud and Jeannel*, Butleri, Chanel, Fairmaire*, 
Godman?5, Jeannel*5,46 Johnstori?®, Kolbe", Meyeri?) Salt’, Sjóstedt5,79 . 
Waterhouse®® and the British Museum Ruwenzori Expedition??. On 
Mt, Kilimanjaro the forest extends up to an elevation of about 2600 metres on 
- the eastern slope and 3000 metres on the westren slope. Both rear the 
upper limit of the forest and sometimes even above this limit, there are iso- 
lated patches of Erica arborea Linn., so that the timber-line on Mt. Kilimanjaro 
is not strictly comparable with that on the European mountains. The ` 
alpine-prairie zone extends on Kilimanjaro from the timber-line to nearly: 
an elevation of 4200 metres above mean sea level, above which lies the alpine- 
steppe zone. The principal peak on Kilimanjaro is the snow-covered Kibo; 
Mawenzi is a lesser peak and there is a third peak Kifiniko, which is only 
3500 metres above mean sea level. - The glacier zone'is above an elevation of 


5000 metres. 


-It is of considerable importance to observe that the insect life above the 
timber-line on Mt. Kilimanjaro is richer than on Mt. Kenya or even on ` 
_ the Ruwenzori Range. This wealth of insect life on Kilimanjaro seems to be 
related to the fact that on this mountain the soil above the timber-line is not 
swampy and is thus optimal to much wider terricole forms than on Mt, Kenya 
or on the Ruwenzori Range, on both of which local swampy conditions seem 

to be rather unfavourable for the development of an extensive terricole fauna. 


Although widely distributed mountain genera like Bembidion Latr., 
Agonum Bon., Atheta Thoms., etc., are found on Kilimanjaro, it must be noted 
that there is no affinity between the high altitude Coleoptera of Mt. Kiliman- 
jaro and the European mountains. The high altitude Carabidae on Mt. 
Kilimanjaro are particularly remarkable for the minute, apterous subgenus 
Orinodromus Kolbe of Calosoma Weber, related to Carabophanus Kolbe from 
the Abyssinian highlands. Calosoma (Orinodromus) deckeni Gerst. occurs on 
alpine meadows, at elevations of about 2600-3000 metres, on the south-east 
slope of Mt. Kilimanjaro.. Alluaud (loc. cit.) reports that Calosoma (Orino- 
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dromus) glacialis Kolbe. occurs at an elevation of 4000 metres above mean 
sea level. The species of Orinodromus Kolbe are non-metallic, generally dark 
reddish-brown or also black. Among the other high altitude Carabidae 
known from Mt. Kilimanjaro mention should be made of the following: 
Bembidion kilimanum All. (2600-3000 m), Tachys ascendens All. (2600-3C00m), 
Plocamotrechus kilimanus Jeannel (2800 m),- Zagrochilus bedeli All. (2800 m), 
Orinophonus kilimanus All. (2800 m), Cymindis kilimana Kolbe (2600-3000 m), 
Hystrichopus alticola All. (2600-2800 m), Metabletus kilimanus All. — (2800- 
3000 m) and Zuphium ascendens All. (2800 m). The Dytiscids Hydroporus 
(Nebrioporus) kilimandjarensis Reg. and Agabus dyliscoides Reg. have also been 
reported at elevations between 3000 and 3500 metres. The principal Sta- 
phylinidae include Homalium algidum Fauv., Staphylinus dispersus Fauv., 
Philonthus altivagans Fauv., Atheta praticola Fauv. and Tachyusa pratensis Fauv. 
The Tenebrionid Phrynocolus aler Wat., occurring at elevations between 3000 
and 4000 metres, is so far known only from Mt. Kilimanjaro. A number 
of Curculionidae like Parasystates' minor ` Auriv., Hypsomias lobeliae Auriv., 
Oreoscotus spp. and Cossonus lobeliae Auriv. are also recorded - from above 
the timber-line on Mt. Kilimanjaro. The high altitude Lepidoptera of Kili- 
manjaro are conspicuously poor in typical mountain. species. Cupido aequa- 
torialis Sharp, found on Kilimanjaro up to 4000 metres, occurs also on 
other equatorial African mountains like Mt. Elgon at elevations of 2590 
metres, on Ruwenzori, Mt. Kenya and Mt. Birunga and is perhaps one 
of the few typical mountain forms. The other species like Vanessa cardui 
Linn., usually found above timber-line on Kilimanjaro, occur also commonly 
at much lower elevations and even on the plains, No Satyridae seem to 
have also been found so far, but Sjöstedt collected several moths like Phry- 
ganopsis elongata Auriv. (Lithosiidae), Borolia eriopygoides Auriv. (Noctuidae), 
Oreometra viitata Auriv., Hypsometra ericinellae Auriv., Hydrelia costalis Auriv., 
Triphosa corticearia Auriv., Onychia (Eubolia) nictitaria H. Sch., Larentia sjostedti 
Auriv. (Geometridae); Gorgopsis alticola Auriv. (Hepialidae), etc., some of 
which seem to be particularly confined to the elevations above timber-line. 
The apterous Dermpatera Forficula sjostedti Burr, found at elevations between 
3000 and 4000 metres, is common under stones above the timber-line, but 
has also been collected within the rain-forest zone at.an elevation of 2000- 
3000 metres on Kilimanjaro. It also occurs at elevations of 4000-4300 
metres on Mt. Meru. A few Acrididae like Heteropternis couloniana Sauss., 
Parasphena pulchripes Gerst., Chrysockraon kilimandjaricus Sjósdt. are known - 
exclusively from above the timber-line, at elevations of about 3000 and 3500 
metres on Mt. Kilimanjaro. Collembola occur at very high elevations 
and Sjöstedt found Mesira annulicornis Börner at about 3800 metres. According 
to him they are most abundant on Jichen-incrusted stones at the edge 
of permanent snow at an. elevation of 5500 metres. Salt (loc. cit.) has 


also recorded species of Hypogastrura Bourl. at high elevations on 
Kilimanjaro. , l 
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Our knowledge of the high altitude insects of Mt. Kenya is based 
largely on the work of Alluaud and Jeannelt They have recorded a 
number of interesting subterranean Coleoptera from the edge of the forest. 
The most interesting of these finds are perhaps the blind Carabid Scotodif- 
nus jeanneli Alluaud, occurring at elevations between 2600 and 2800 metres, 
the Pselaphid 7eannelia microphthalmus Raffr., remarkable for its very minute 
and unpigmented eyes and blind Staphylinidae and microphthalmic Curculi- 
onidae. Among the Coleoptera occurring far above the timber-line on Mt. 
Kenya, the most remarkable are unquestionably Bembidion mackinderi Alluaud 
(3800-4400 metres), Plocamotrechus kenyensis Jeann. (4000-4500 metres), Keny- 
acus acrobius Alluaud (3500-3750 metres) and  Kenyacus hypsibius Alluaud 
(2800-3500 metres). It is of considerable interest to observe that the genus 
Plocamotrechus Jeann. is known also from South Africa and, as mentioned 
above, is also represented by a single species on Mt. Kilimanjaro, Mt. Elgon 
and the Ruwenzori Range and thus appears to be a typical mountain autoch- 
thone form that has spread to the temperate south. Jeannel records a 
second species Plocamotrechus elgonicus Alluaud on Mt. Elgon. Trechus sjostedti — 
Alluaud has also been found at higher elevations on Mt. Meru. It is 
remarkable that while apterous Calosoma Weber is absent on Mt. Kenya, the 
apterous Calosoma (Carabomorphus) catenatum Roeschke extends on the Aber- 
dare Mountain from the edge of the forest to the alpine meadows at 
eons of 3000-3100 metres. l 


A fact of considerable — interest is that compared to the high 
altitude insects of the central and south European mountaius, those on the 
tropical high mountains of Africa are relatively dull coloured. | 


The Ethiopian mountains.—The Ethiopian mountains differ conspicuously 
from the East African mountains in a number of features. The mean eleva-. 
tion of the Ethiopian highlands is great, but the altitudes of isolated peaks are 
less than those of the East African mountains like Mt. Elgon, Mt. Kiliman- 
jaro, Mt. Kenya and the Ruwenzori Range. The highest massif in the Ethio- 
pian highlands is the Degien Massif, which rises to an elevation above 4575 met- 
res above mean sea level. Mt. Buahit rises to an elevation of 4267 metres, Mt. 
~ Batu exceeds 4267 metres and a number of other mountains are only about 
. 3657 metres to 3960 metres high Mt. Abuna Yosef was entomologically 
explored by Raffray®*, A number of insects were recently collected by 
Marches Saverio Patrizi in 1940 from an elevation of 3250 metres on Mt. 
Termaber, situated about 70 kilometres from Addis Ababa „on the 
road to Dessie. We are indebted to Raffray®*, Basilewsky!!,12 Dyte”, 
Jeannel*8, Marshall®*, Scott?8,74 and Uvarov$3 for our knowledge of 
the high altitude insects from the Abyssinian mountains. Some. of the 
genera occurring at elevations between 3500 and 4000 metres above mean sea 
level on the Ethiopian mountains are also known from the alpine zones of the 
principal central and south European mountains. On the Lasta Mountain 
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Range in Abyssinia, at an elevation of about 3500 metres, Raffray (loc.ctt.) 
recorded many species of Calosoma Weber, like Calosoma  caraboides Raffr., 
which have distinct Carabus-facies, A species: of Cymindis Latr. is closely 
related to Gymindis humeralis, two species of Harpalus Latr. are related to the 
European Harpalus goudoti and Harpalus litigiosus, the species Amara analogus 
to Amara trivialis from Europe, three species of Calathus Bon., one of which - 
seems to be related to the Californian Calathus ruficollis and also two species 
each of Trechus Clairv. and Bembidion Latr. Two species of Dytiscidae related 
to Agabus cephalotes from Corsica, are found under submerged stones in icy-cold 
torrents.’ The apterous subgenus Carabophanus Kolbe of Calosoma Weber, 
found above timber-line on the Abyssinian mountains, is not however represen- 
ted in Europe. Among the Staphylinidae the species of Ocyphus Steph. from 
the Abyssinian mountains are related to the European Ocyphus fulvipennis. 
A species of Deleaster Erichs., occurring both in Europe and in North America, 
. has been found on the Ethiopian highlands. Two Abyssinian high altitude 
species of Curculionidae, viz., Otiorrhynchus Germ. are related to Ottorrhynchus 
`- perdix Oliv. from the Tirolian Alps and one to Otiorrhynchus noui from the 
Pyrenees.’ Scarabaeid genera, totally unknown in Europe, but found above . 
the timber-line on the Abyssinian mountains, include Semiogonius, Schizonycha, 
Centrantyx Fairm, etc: Pausidae are particularly abundant at higher elevations . 
on the Abyssinian highlands more than.in the sub-alpine zone, where they ' 
are wholly absent. Many of the Paussidae of the high’ altitudes of Abyssinia | 
are strictly endemics. Except, Trechus Clairv., Calathus Bon. and Amara Bon., 
the affinities of most other Carabid genera are entirely African. The boreal. 
forms, which have extended their range to the Ethiopian highlands, become 
poorer and poorer as we proceed to the south. . There are, for example, over 
17 endemic species of Calathus Bon. on the Ethiopian mountains, but none 
. further south. Fifteen endemic species of Trechus Clairy. (s.-str.) have been 
found on. the Ethiopian highlands and a number of species have also evolved 
on Mt. Elgon and still further south we have Trechus sjóstedti Alluaud on Mt. 
Meru. Trechus gughéensis Jeannel is the southernmost species from Mt. Elgon 
so far found in Ethiopia. The ancestral stock of Trechus Clairv. in Africa 
seems to have developed primarily in the moist forests at lower elevations and 
the existing montane species began as colonizations from such types. The 
ancestral stock of the African Trechus Clairv. extended also southwards. The 
tropical African species of Plocamotrechus Jeannel radiated northwards from 
a southern dispersalcentre during the Miocene and the species of this genus 
are at present abundant at all elevations in South Africa. While many relict 
species occur on Mt. Kilimanjaro, Mt. Aberdare, Mt. Kenya and parti- 
cularly on the Ruwenzori Range, none is however known at present on the 
Ethiopian highlands. Both Trechus Clairv. and Plocamotrechus Jeannel are absent 
in tropical Africa and are confined to only the mountain ranges of the western 
and eastern branches of the Rift Valley system. Omotaphus simienensis Basilew., 
found between 3050 and 4267 metres, is related to forms from the Aberdare 
Mountain and Mt. Elgon and Liagonum scotti Basilew. is related: to species 
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. from Mt. Kilimanjaro. All the species of Trechus Clairv. from the Abyssinian 
highlands, including Trechus sublaevis Jeannel and Trechus bipartitus Jeannel 
from Mt. Abuna-Yosef described by Raflray, and four species from Mt. Chillalo 
and Trechus gughéensis Jeannel from the Gughé Highlands are apterous. Even 
Trechus aethiopicus Jeannel, known from relatively lower elevations like 2800 
metres, is apterous. Many species of Calathus Bon. are likewise apterous. Some 
of the species are indeed known only from particular massifs. The four species 
of Trechus Clairv. recorded from Mt. Chillalo do not, for example, occur else- 
where, but other species occurring at lower elevations are rather more widely . 
"distributed. According to Hugh Scott?3; ^ more than half the high altitude 
Coleoptera from the Ethiopian. Fügblands have either Brent atrophied wings 
or they are fully ‘apterous. 


4 


Although several species of T have been collected at about 3350 - 
_ metres, the highest elevation at which they have been found, on the Ethiopian 
highlands is 4267 metres. Some boreal forms like Golias electo Linn., Pontia - 
daplidice aethiope J. E V., Lycaena phaeas pseudophalaeas Lucas, Pararge maderakal — 
Guerin generally occur at elevations of about 3350 metres. Vanessa cardui Linn. | 
occurs at about the same elevation and Argynnis hyperbius R. & J. occurs On .- 
the southern pop mountains. | 


Extremely. iu pt of ants seem to T been found at elevations 
above 2400-2750 metres in Ethiopia. Only exceptionally rarely Engramina ilgt 
Forel and Acantholepis capensis Mayr are found at elevations of 3200 metres on 
the Degien Massif. The high altitude Diptera from the Ethiopian highlands 
- include the wingless Sphaerocerid fly Binorbitalia iriseta Richards”, related 
to two other species known from the Gughé Highlands (69 N.L.) and the 
Aberdare Mountains (Kenya), separated by a gap of Bem 720 kilometres, 
at elevations ranging from 3650 metres and more. 


The Andes.—Among the high tae insects from the part of the Andes, 
situated within the torrid zone, especially on Mt. Chimborazo, Coleoptera | 
have been rather more fully studied than any other order$8, Troll® 
has recently given a brief account of the salient ecological conditions and 
zonation on the Andes in the tropical region. The snow-line on Mt. Chim- 
borazo is at an elevation of about 4880 metres. The typical high altitude 
Coleoptera of Mt. Chimborazo are species of Pterostichus Bon., Trechus Clairv., 
-Bembidion Latr., Silis Latr. and Erirrhinus Schónh., some of which genera have . 
several endemic species on high mountains in the Palaearctic also. Pelmatellus 
Bates is a Neotropical genus from the Andes, with one transgressive species 
in Arizona and New Mexico. It is rémarkable that no Calosoma Weber and 
- Chrysomelidae have so far been found at high altitudes on Mt. Chimborazo. 
The genus Colpodes M. L. is widely distributed in the warmer parts, but 
absent in Europe and most parts of the Nearctic. The genus, found up to 
` the snow-line on Mt. Chimborazo, seems to have devloped similar ecological - 
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features like Nebria Latr. or Platynus Bon. According to Whymper??, Gole 
podes megacephala and Colpodes pinchinchae were found among stones cemented 
together by ice on the highest peak Pinchincha (4775 metres), situated almost 
on the equator in Ecuador, Most ofthe high altitude Coleoptera from .the 
region are small-sized and generally also dull coloured. The following are 
some of the more interesting records from Mt. Chimborazo: Pelmatellus 
andium Bates (3352-4115 metres), Pterostichus (Agraphoderus) antisanae Bates -. 
(3600-4050 metres), Pterostichus (Agraphoderus) liodes Bates (2740-4050 metres), _ 
Pterostichus (Agraphoderus) integer Bates on the south and east slopes (3530-4050 
metres), Colpodes megacephalus Bates on the summit ridge of Guaga Pinchincha 
(4755 metres) and other localities. at elevations from 3657 to 4267 metres; 
Colpodes pustulosus Bates, Colpodes fuscipalpis Bates and Colpodes rotundiceps Bates 
on Cayambe (4572 metres), Colpodes pinchinchae Bates on Pinchincha (4572 | 
metres), Colpodes oreas Bates on the western slope (4575 metres), Colpodes diopsis ` 
Bates on Pinchincha (4267-4575 metres), Colpodes steno Bates at Cayambe 4575, 
Pinchincha (4267-4725 metres), Colpodes alticola Bates (2745-4050 metres); 
Trechus sp. at Cayambe (4575 metres), Bembidion fulvocinctum Bates an apterous 
- species (3657-4575 metres), Bembidion andinum Bates on. the’western slope (4820 
metres), Uroxys elongatus Har. (Coprinini) on Cotopaxi (3657-4115 metres) and : 
from Quito, Clavipalpus antisana Bates from' Hacienda of Antisana (4050 metres) - 
(Melolonthidae), Platycoelia nigricauda Bates from Cotopaxi (3657 metres), Haci- 
enda of Antisana (4050 metres) (Rutelidae); and the Curculionids Helicorrhynchus 
. pulsus Olliff. from Pinchincha (4757 metres) and Chimborazo (4817-4876 
metres) an endemic genus related to the Holarctic Otiorrhynchus Germ.; 
Naupactus parvicollis Olliff. from Cayambe (4575 metres) and Chimborazo: 
(4817 metres); Listroderes inconspicuus Olliff. from Cayambe (4575 metres); 
Amathynetes alticola Olliff, Chimborazo (3657-4817 metres) and A. simulans 
Olliff. Chimborazo (4575 metres) (genus Amathynetes endemic.to the region 
and related to Listroderes Schónh.); Macrops coelorum Olliff: Pinchincha (4720) 
and Chimborazo (4817 metres); Hilipus longicollis Olliff. Hacienda of Antisana 
. (4050 metres); Erirrhinus glaber OUiff. Cayambe (4575 metres) and Erirrhinoides - 

distinctus Olliff. Chimborazo (4817 metres). 


_ Very few Lepidoptera seem to occur near the snow-line on Mt. Chimbo: 
razo, but the-following species have been recorded at elevations of about 3960 
metres: Pieris xanthodice Luc. (2740-4575 metres), widely distributed on the 
Andes; Colias alticola Godm. (Pinchincha 3657 metres, Cayambe 3962 metres,. 
Chimborazo 3962-4575 metres, Antisana west slope 4876 metres), known so 
‘far from the region only and reported by Humboldt to fly above the snow- 
line; Lycaena koa Druce (3050-4267 metres) recorded also from Peru, Bolivia 
and Ecuador; Lymanopoda tenera Hew. (3050-4400 metres) and Pedealoides sp. 
(3050-4267 metres). | | pee 


Hawaiian Mountains.—Particular reference may be made here to the 
remarkable Carabid Macranillus coecus Sharp, with greatly reduced compound, 
eyes, lacking pigmentation and distinct facetting, occurring on the high 


TN 
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plateau of Kauai Island (Hawaii). Other high altitude Carabidae include 
Mecylothorax pusillis Sharp, Mecylotherax micans Blackb. and Triscothorax apicalis 
Sharp found at elevations of 2740-3050 .metres on Maui (Haleakala). 
The interesting family Proterhinidae, comprising minute, apterous beetles, 
measuring 1:5-5:5 mm long, with the head produced beak-like weakly in the 
male and strongly in the I uS occurs atan elevation of 2740 metres on 
Hawaiian mountains. 
HH ALTITUDE ÍNSECTS FROM THE TEMPERATE ZONE 
OF THE OLD WORLD | 

The Himalayan System.— The Himalayan System comprises the Himalaya *, 
The Trans-Himalayan Zaskar, Ladakh, Karakoram and Kailas Ranges, the 
Alai-Pamir, the Tibetan Plateau and the Kuen-Lun Mountains in the north 
and the mountains of Persia and Afghanistan in the west. It is also continued 
in the east into the mountains of Upper Burma. The Himalaya proper 
consists of a series of converging or nearly parallel ranges of Tertiary moun- 
tains, stretching east-west nearly 3000 kilometres long, from Upper Burma 
in the east to nearly the: eastern border of Afghanistan in the west (approxi- 
mately between 72° and 919 E. L. and 27° and 369 N. L.). The width of 
the Himalaya is extremely variable and is in places as narrow as only 80 
kilometres but in other places more than 300 kilometres. While the 
Himalaya rises nearly abruptly from the Indo-Gangetic plain of India in 
` the south, it is continued in the north as a series of folds, of which the 
. Kuen-Lun represents the northernmost range of a mighty elevated surface of 
the earth. Between Kuen-Lun and the Himalaya proper lies the bleak arid 
plateau of Tibet, at elevations between '4750 metres and 4880 metres above 
mean sea level, 


The ranges that constitute the Himalaya proper are the Sivaliks, the. 
Lesser Himalayan Ranges like the Dhauladhar and the Pir Panjal and the 
Great Himalaya (the main range). The Sivaliks represent the southernmost 
zone of low hills, of about 8 kilometres to nearly 48 kilometers width, and 
separated from the Lesser Himalayan Ranges in some places by valleys called 
duns. North of the Sivaliks is a zone of about 80 kilometres width, with 
longitudinal mountain ranges parallel to the main range and rising to a mean 
elevation of 3000 metres above mean sea level. North of this and of about 
16 kilometres width is the zone of the Lesser Himalayan Ranges, with the 
peaks rising to elevations of about 4575 metres above mean sea level. The 
fourth zone is the Great Himalaya, nearly 24 kilometres wide with perpetual 
snow and with numerous peaks rising to élevations above 6000 metres and some- 
times also exceeding 8000 metres above mean sea level. Finally in a fifth - 
zone, about 40 kilometres wide, lie the troughs of the trans-Himalayan rivers 
and 'hountains rising to a mean elevation of 5790 metres. Some of the 
largest and longest glaciers in the world, outside the polar area, are found on 
the Himalaya and the Karakoram ranges. 


* It may be noted that it is the Himalaya and not the ungrammatical, but unfortunately 
widely and quite erroneously used Himalayas. 


180 AGRA UNIVERSITY JOURNAL OF RESEARCH [Vol XII 


Recent explorations$é show that the. -typical high altitude insects are 
abundant mostly at an elevation of about 4200 metres, but the highest 
elevation at which insects occur on the Himalaya is 6000 metres, both in the 
region of Mt. Everest in the east andin the region of Mt. Nanga Parbat in 
` the extreme west end of the Himalaya proper. The greatest bulk of the 
species occurring above the timber-line on the Himalaya are Palaearctic forms, 
belonging to the Turkmenian Subregion and only about 3% of the total 
insect fauna above timber-line are Indo-Malayan elements. Over 75% of the 
species are endemic to the Himalaya-Karakoram-Pamir area and there are ` 
also a number of interesting endemic genera. Mani®® has recently shown 


that this endemic element evolved from an original lowland stock of Central 
Asiatic d 


Bohemia: Plecoptera and Trichoptera : are extremely abundant in the 
melt-water «torrents nearly up to the snow- line (5200 metres). Rhabdiopteryx 
lunata Kimm. is a stonefly that occurs, for example, at 5000 metres. Some 
species of Capnia are apterous. "Typical Orthoptera above the timber-line on 
the Himalaya belong to, Bryodema Fieber, Gomphomastax Brun. endemic to the 
Central Asiatic mountains, Conophyma Zub. an interesting genus of apterous 
grasshoppers also endemic in Central Asia and abundant on Pamir and North- 
West Himalaya; Dicranophyma Uvarov, a genus endemic to the Himalaya and 

-Sphingonotus Fieber. The Tettigonid Hypsinomus fasciata Uvarov occurs at eleva- 
tions between 4575 and 4875 metres. The Dermaptera found above timber-line 
belong to Anechura Scudd., with close affinity to the species occurring on Alai- 
Pamir mountains. Some extremely interesting high altitude Heteroptera are 
endemic in the Himalaya-Karakoram-Pamir area. Among them are two 
endemic genera Dolmacoris Hutchinson and Tibetocoris Hutchinson, usually 
found at elevations between 4000 and 5000 metres. Nysius ericae (Schill:) is 
also found up to an elevation of 5200 metres. The order Coleoptera is 
among the dominant high altitude insects on the Himalaya and represents 
almost one-half the total insect fauna above the timber-line. The dominant 
families -are Carabidae, Staphylinidae, Tenebrionidae and Curculionidae. 
There are several spécies of Carabus Linn. and Cychrus Fabr. in the upper 
reaches of the forest belt on the south. slopes and. some of these are also 
occasionally . found above the timber-line. 


The commonest Carabidae above timber-line belong to the genera 
Bembidion Latr., Amara Bon., Carabus Linn., Cymindis Latr., Calosoma Weber, 
Nebria Latr. , Harpalis Latr., oe Clairv., Anchomenus Bon.; Phaeropsophus Sol., 
Calathus Bon. , Bradytus, Cira Latr. , Broscis Panz., Claes Sem., Gladis 
Bon., 359i ds Panz., Leisius Pról, Tachys Steph., etc. Carabus bs Andr. 
occurs at an cievation of 4115 sees on the Great Himalaya and Carabus 
wagae l'airm. at an elevation of 4420 metres. Amara brucei Andr. and Bembi- 
dion nivicola Andr. occur at an elevation of 5030 metres. Chaetobroscus Sem. is 
an endemic genus toond at an elevation of 4000 metres. Stevenstus Jeannel, a 
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genus closely related to Trechus Clairv., is reported from an elevation of 3050 
metres on the eastern Himalaya, The Carabid genera Hypsinephus and 
Colpodes are absent on European mountains, but on the Himalaya they are 
represented at elevations of 2450-4570 metres. Many Dytiscidae and Hydro- 
philidae are found in the glacial lakes, hot springs and melt water torrents at 
elevations ranging from 4000 metres to nearly 5000 metres. Among the Staphy- 
linidae, the common forms belong to Afhtia Thoms., Aleochara Mannerh., 
Geodromicus Redt., Lesteva Latr:, Ocyusa Kr: Oxypoda Mannerh., Philonthus Curt., 
Pseudocyusa Cam. and Tachinus Gr. The highest altitude record of permanent 
existence of Coleoptera in the world is held by a remarkable Staphylinid, 
Atheta (Dimetrota) hutchinsoni Cam., which occurs at an elevation of. 5600 on 
the North-West Himalaya. Many species of Tenebrionidae like Ascelosodes 
assimilis Bates, Cyphogenia plana Bates, Myatis quadriticollis Bates and Bioramix 
Bates are found at elevations between 3500 metres and 5580 metres. Several 
species of Laena Latr. occur at high elevations; this genus is restricted to the - 
forest zone on the European móuntains, but on the Himalaya the species 
occur near the snow-line. ‘Laena alticola Blair occurs, for example, at an elevation 
of 5020 metres near the Rongbuk Glacier in the aréa of Mt. Everest. Accor- 
ding to Blair", several Tenebrionidaè occur at very high elevations on the 
Himalaya. Ascelosodis Redt. was, for example, taken at an elevation of 5180 
metres in the area of Mt. Everest, Blaps himalaica Blair ranges from an elevation 
of 4570 metres to 4880 metres and Platyscelis aenescens Blair between 
3660 and 5030 metres. Some interesting high altitude Chrysomelidae 


. . like Chaetocnema alticola Maulik (4000 metres) and the endemic genus 


Apaksha Manlik (8500 metres) are apterous. Leptosonyx Weise, a genus 
widely distributed in Central Asia, Caucasus, Siberia and Mongolia, is repre- 


sented by Leptosonyx octocostatus Weise ‘at an elevation of 4575 metres. The 
Curculionids Blosyrodes Jekel, Catapionus Schénh., Lagenolobus, Otiorrhynchus Germ.; 


etc., are also abundant at elevations between 3000 metres and 4500 metres; 
the genus Otiorrhynchus Germ. is however confined to the North-West Hima- 
laya only. A number of interesting high altitude ants like Formica (Serviformica) 
picea Nyl. (endemic), Categlyphis (Monocombus) cugei Menozzi and bumble-bees 
. like Subterraneobombus melanurus subdistinctus (Richard) arid Lapidariobombus 
saparandus Vogt., have also been recorded-from above the timber-line on the 
Himalaya and Karakoram.: Nearly 45% of the Lepidoptera found above the 
timber-line on the Himalaya are endemics. Papilio machaon Linn. is represen- 
ted by many local subspecies, some of which like Papilio’ machaon sikkimensis 
have been found at an elevation of 5020 metres on the eastern; Himalaya. The, 
greatest bulk of the typical high altitude species belong to Parnassius Latr., 
with many local subspecies of Parnassius acco (Gray), Parnassius charltonius Gray, 
Parnassius delphius Eversm., Parnassius epaphus Oberth. Parnasstus simo Gray, 
Parnassius jacquemontii Boisd., Parnassius stoliczkanus Feld., etc. Some of thesé 
butterflies occur habitually at an elevation of 5800 metres on the Himalaya. 
The common Pierids belong to Baltia Moore, never found below an elevation 
of 3900 metres, Aporia Hübn., Colias Fábr. with many subspecies of Golta electo: 
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(Linn.) and Colias cogens Feld. Argynnis Fabr., Paroeneis Moore, Argestina Riley, 
Erebia Dalm., Karanasa Moore, etc., are among the other Lepidoptera often 
found up to 5500 metres. Diptera are extremely abundant but are at present 
very imperfectly known. The most outstanding Nematocera are undoubtedly 
the mountain midges of the family Deuterophlebiidae represented by several 
species on the North-West Himalaya, Central Asia, Altai, Formosa, Japan, 
Canada and parts of the United States of America, Their larvae are remark- 
able for their peculiar anchoring appendages and occur in icy-cold melt- 
water torrents, The adults are curiously like mayflies in general appearance 
. and are short-lived. Numerous Collembola are extremely abundant from the 
timber-line to over 6000 metres on moss, lichen, in soil, on snow and glacier 
and in various other situations. Several genera like Entomobrya Rond., 
Folsomia WIL, Hypogastrura Bourl., Isotoma (Bourl) Börn., Isotomurus Börn., 
Orchesella Templ., Onychirus Gerv., Proisotoma Börn. and Tomocerus Nic. are 
represented above the timber-line throughout the Himalaya. 


A number of high altitude insects, especially Coleoptera, ants and 
butterflies have been collected by the Italian Karakoram Expeditions from the 
Karakoram; most of these species are however also common to the North- 
West Himalaya 14 23 28 30 58 61, 


The Alai-Pamir.—Our knowledge of the high altitude insects from the Alai- 
Pamir and other Turkestan mountains is mainly due to the labours of the 
German-Russian, Italian, and the Russian Pamir Expeditions (!, 5, 5, *, 35, 
30, 31 32 33, 50, 52 64 68, 69 Tl, 76. 80) Some remarkable Orthoptera 
like Sphingonotus Fieber occur at an elevation of 3750 metres on the Pamir and 
. Conophyma zubovski Uvarov on Trans-Alai at an elevation of 3200 metres. 
_.Kiritschenko® has recorded a number of interesting Heteroptera from the 
region. Of particular interest is the genus Mimula Jak., a typically high alti- 
tude Asiatic form, with several species localized at elevations ranging from 
2500 metres to 4300 metres on the mountain chains of Pamir, Alai, Tian- 
Shan and Tarbagataj. The genus Myrmecophyes Fieb. is characteristic of the 
Turkestan mountains, but some species also occur on Caucasus and Mt. Elbrus, 
Altogether 28 species of Heteroptera are recorded by the Expedition from 
Pamir proper at an elevation of about ‘4000 metres. There are also three 
endemic forms like Mimula nigrita Jak., Mimula maureri Jak. and Chiloxanthus 
poloi Kiritsch. Mimula nigrita Jak. occurs at an elevation of 3000 metres, 
Mimula hoklbecki Kiritsch. at an elevation of 3400 metres and Mimula 
anthracina Kiritsch. at an elevation of 3770 metres. Myrmecophyes orbicularis 
Kiritsch. was found at an elevation of 2800 metres. Rhinocoris monticola 
irochantericus Reuter occurs from 2700 to 3800 metres. Lepidoptera from 
the Alai-Pamir have been described by several workers like Alphéraky** 
Grum-Grschimailo*1-33, Avinoff?, Filipjew**, Rosen”! and others. The typical 
Central Asiatic mountain species, which are endemic to the Alai-Pamir, 
include Melitaea minerya Stgr., Erebia radians Stgr., many species of Satyrus Fabr., 
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Goenonympha sunbecca Ev. Titanio margelana B.B., etc. Papilio machaon Linn. was 
collected at an elevation of 4300 metres on the Pamir, Baltia schawii battalensis 
Moore and Vanessa cardui Linn. on the Fedschenko Glacier on Pamir at an 
elevation of 4500 metres, Colias erate Esp. atan elevation of 3000 metres, Argynnis 
pales generator Stgr. at 3955 metres, Celerio zygophylli Och. on the Fedschenko 
Glacier at 4500 metres. Bryophila subliterata Filip., which also extends to the 
North-West Himalaya, was found at an elevation of 2200 metres on Shun- 
gnan. Many dark coloured species of Erebia Dalm. and brightly coloured 
species of Colias Fabr. and large numbers of species of Parnassius Latr. are 
common at high elevation on the Alai ranges and occur at elevations ranging 
from 3350 metres to nearly 4000 metres. The alpine zone on the Alai mountains 
does not descend below an elevation of 2740 metres and often also lies at an 
elevation of 3050 metres and in comparison to the Alps is thus rather high. 
On the Kounjout its lower limit is at an elevation of 3960 metres. Most 
butterflies therefore occur over wide limits of altitudes. Pieris chloridice Linn. 
occurs, for example, from 300 metres to 3350 metres, Lycaena ferghana, Lycaena 
zephyrus, Argynnis lathonia and several Satyridae occur at elevations from 
600 metres to 2130 metres. Parnassius delphius Ev., Parnassius actius, Parnassius 
discobolus, Parnassius mmemosyne, Parnassius romanovi, Parnassius rhodius, Colias 
eogene, Colias hyale, Colias romanovi, Colias alpherakyi, Lycaena amor, Argynnis 
pales, Melitaea fergana, Pyrgus alpinus, Pieris calidice orientalis., etc., occur on the 
Alai mountain chain from 900 metres to over 4880 metres on the Kounjout. 
Skorikow8? records a number of mountain autochthone Bombidae like 
Mendacibombus makarjini (Skor.) at elevations of 2600-3600 metres, Sibiricobombus 
mintatocaudatus (Vogt) at 3600-4600 metres and Sibiricobombus morawitzi (Rad.) 
at 3300-4600 metres. Subterraneobombus Vogt reaches nearly to an elevation of 
3960 metres. Some genera like Lapidartobombus Vogt. Patrobombus Vogt, 
Mendacibombus Skor., etc., are common to the Alps, Pyrenees, Caucasus, Alai- 
Pamir and the Himalaya. Subterraneobombus Vogt and Sibiricobombus Vogt found 
on Caucasus and the Alai-Pamir and the Himalaya, are not represented on 
the Alps and Pyrenees. 


The Tien-Shan mountains —The mountain autochthone Coleoptera from the 
Tien-Shan Range and other neighbouring mountains include several genera 
like Carabus Linn., Nebria Latr., Trechus Clairv., Bembtdion Latr., Pierostichus 
Bon.; Laeía Latr., Otiorrhynchus Germ., ect., which are mostly familiar to us 
as typical high altitude types from the Pamir, Himalaya and the European 
mountains. Many species like Carabus (Ophiocarabus) politus Mor. (Tien-Shan, 
2440-2740 metres), Carabus (Ophiocarabus) aeneolus Mor. (Almatinka Pass, 
3050 metres), Carabus (Cratocechenus) elisabethae Sem. (Ala-Tau, 1700-2800 
metres) have been recorded by Semenov”f, 


Mt. Fuji.—The earliest collections of insects from Mt. Fuji were made 
by Abbe David and Matsumara*?. The latter author has recorded many 
species, which are peculiar to high elevations on this volcanic mountain in 
_ Japan. At elevations above 1220 metres there are very few high plants and 
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the ground is usually covered by volcanic ash. In the zone above this eleva- 
tion Matsumara found Argynnis paphia, Argynnis nerippe, Musca CSE Musca 
corvina, Leucorrhina fujisana and Calosoma mikado (under stones). 


The Caucasus and Ural mountains.—The high altitude insects of the Cau- 
casus are typically endemic. In addition to the species already mentioned as 
having been found in the Caucasus, special reference may be made here to 
some high alpine Orthoptera like Schizonotus crossicercus "arb. Semenovites 
speculiaria F, W., Semenovites inflatus Uvarov, Polysarcus zathrovi Stschelk.' and 
Decticus verrucosus annaelisae Ramme, known at elevations of about 1800-3000 
metres**, The mountain autochthone insects of the Ural mountains are 
very inadequately known at present and, there is considerable doubt about 
the exact altitudes of their occurrence. The boreo-alpine species of Caucasus 
are Amara erratica Duff., Amara quenseli Schónh., Geodromicus globulicollis 
Mannerh., Arpedium brachypterum Grav., Hypnoides rivularius Gyll., Evodinus 
interrogationis Linn. (Coleoptera); Pieris callidice Esp., Melitaea iduna Dalm., 
Ágrolis fatidica Hübn., Plusia hochenwarthi (Hohenw.) Larentia. muniiata Hübn., 
and Gnophos myrillatus Thunb. (vide infra: boreo-alpine insects). 


European mouniains.—The principal older mountains of, Europe jicla 
the Bohemian Mass, the Erzgebirge, the Harz Mountain, the Vosges, the 
Central French Plateau and the mountains of Belgium, Great Britain and 
Scandinavia. The Carpathian, the Alps, Apennine, Kalkgebirge of north 
Sicily and the Pyrenees belong to the Tertiary mountain system. : 


The greatest bulk of the typicalhigh altitude insects, so far known from 
Europe, belongs to the Tertiary mountain fauna. The’ roots of this are to be 
sought in an earlier fauna, which had evolved on the older mountains. The 
similarity of the Tertiary mountain fauna of Europe to those of the older 
mountains of Asia, as far east as Siberia, suggests westward migrations from 
the Angaranland to the European and west Asiatic younger mountains. In 
the present-day insect fauna of the Tertiary mountains of Europe we may 
observe the undoubted evidence of the. contributions from older mountain 
fauna. The Ostalps and the Carpathian ranges are closely related together 
faunistically, since the present-day fauna of these two ranges have been derived 
from the same older Bohemian Mass and the Sudeten on one side and from the 
Central Mass of the Balkan Peninsula on the other side. On the other hand, 
the high altitude insect fauna of the West Alps is radically different from that 
of the Ostalps, since the West Alps was populated by stock from ‘the central 
plateau of France and to a much lesser extent from the Tyrrhenian mass by 
way ofthe North Apennines. The fauna ofthe Spanish mountains and also 
of Pyrenees are sharply different. The Apennines are characterized by a 
mixed high altitude insect fauna, which had received contributions from the 
Tyrrhenian, the Balkan Peninsula (over the Adriatic bridge) and also species 
from the Alps. The high altitude insect fauna of the mountains of the Balkan 
Peninsula, which. exhibits bewildering -variety, is undoubtedly related to 
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those of the Caucasus and Asia. Minor. On Jaila-Dagh we find, for example, 
‘many Caucasian elements. : : 


Within the upper reaches of the forest zone on the Alpine System we 
come across a remarkable group of insects at elevations between 1100-1500 
metres, some of which descend to lower elevations in local protected areas. 
Above these limits we find species, the greatest bulk of which are wholly 
absent at lower elevations. The species which are typical inhabitants of the 
upper reaches of the forest zone in the Ostalps are Carabus fabricii Panz., 
Carabus silvestris Panz., Leisius nitidus Duft, Nebria degeni (Dej.), Nebria Jatu- 
topunctata Mill., eli limacodes Dej., Trechus constrictus Schaum., Trechus 
grandis Gglb., This alpicola Sturm., Trechus rotundatus Dej., Pterostichus unctula- 
tus Duft, Pterostichus subsinnatus Dej., Pterostichus illigeri Panz., Pterostichus cogn- 
atus Dej., Pterostichus justusi Redtb., Pterostichus schaschli Chaud., Pterostichus jurinet 
Panz., Euconnus similis Wse., RC carinthaicus Gglb., Orina intricata Germ., 
Orina gloriosa Fabr., Orina alpestris Schumm., Crepidodera cyanescens Duft, Crepido- 
dera cyanipennis Kutsch, etc. These species are really the subalpine forms 
that occur in the upper reaches of the forest belt, but are also found at 
higher elevations to some extent. In the zone immediately above the 
timber-line we find a wholly new type of forms, especially on some of the 
peaks rising to about 100-150 metres above the forests. The subalpine types 
decline rapidly above the timber-line, but some of the forest types are occa- 
sionally found here also. It is only above an elevation of about 200 metres 
above the forest zone that we first come across the lower boundary of the 
typically high alpine zone, characterized by many peculiarities in the Alps. 
There ‘are several subgenera like Oreonebria Dan., Leirides Putz., Leiromorpha 
Gglb., etc., which are exclusively high alpine types. Holdhaus and Deubelt 
have listed over 75 species of Coleoptera, which are typically exclusive 
to this zone in the Ostalps. The following are some of the more typical 
high alpine Coleoptera: 


Carabus alpestris Sutrm. Cychrus schmidti Chaud., Nebria fontinalis Dan., 
Nebria bremii Germ., Nebria germari Heer, Nebria hellwigi Panz., Nebria castanea 
Bon., Nebria atrata Dej., Nebria diaphana Dan., Broscosoma baldense Putz., 
Trechus regularis Putz., Trechus sinuatus Schaum., Trechus elegans Putz., Tre- 
chus tenuilimbatus Dan., Trechus hampei Gglb., Trechus glacialis Heer., Trechus 
wagneri Gglb., Trechus pallidus Gglb., Trechus rudolphi Gglb., Trechus ochre- 
atus Dej., Amara cuniculina Dej., Amara alpicola Dej., Amara uhligi Holdh., 
Amara spectabilis; Schaum., Amara nobilis Duft., Pterostichus ziegleri Duft., 
Pterostichus panzert (Panz.), Platynus teriolensis Dan., Absidia birnbacheri Krauss, 
Podistra rupicola Kiesw., Orina frigida Wse., Phytodecta nivosa Suffr,, Crepidodera 
simplicipes Kutsch., Oliorrhynchus pictitarsis Stierl., Otiorrhynchus cadoricus Dan., 
Otiorrhynchus chalceus Stierl., Otiorrhynchus pigrans Stierl., Ottorrhpnchus mulleri 
Stierl., Otiorrhynchus hadrocerus Dan., Otiorrhynchus costipennis Rosh., Otiorrhy- 
nchus auricapillus Germ., Otiorrhynchus alpicola Boh., Qtiorrhynchus  tridentinus 
Dan., Dichotrachelus tierlini Gredl., Dichotrachelus kraussi Pen., Dichotrachelus 
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pygmaeus Stierl., Aphodius bilimeki Seidl., Aphodius pollicatus Er., Aphodius monti-. 
vagans Er., Aphodius praecox Er. In parts of the Alps where glaciers exist at 
present, the species ascend higher nearly up to the snow-line. Many high 
alpine species of Nebria Latr., like Nebria atrata Dej. on the Hohen Tauern, 
Nebria brémii Germ. on the Swiss Alps, exist only in the higher reaches of the 
high alpine zone and their lowest limit of occurrence is 200-300 metres higher 
than the lower limit of the other high alpine beetles. Thus Nebria atrata Dej. 
occurs on the eastern Hohen Tauern only at elevations of 2400-2500 metres, 
while the rest of the high alpine species like Nebria castanea Bon., Nebria austriaca 
Gglb., Nebria hellwigi Panz., Nebria germart Heer, etc. are restricted to zone of 
about 2150-2200 metres above mean sea level. Nebria atrata Dej., and Nebria 
bremit Germ. are typically subnival elements. 


The most important contributions to the kuowledge of high altitude 
insects of the Swiss Alps include those of Bábler!?, Franz?’, .Holdhaus?$-19, 
Handschin??3* and Janetschekt%, At an elevation of about 2800 metres 
on the south slope we find under stones the caterpillars of Basydia 
tenebraria Esp., Psodos alticolaria Mn., Gnophos caelibaria spuricaria Latr., Gnophos 
zelleraria, Nebria bremii Germ., Isotoma alticola Carl. and Isotoma nivalis Carl. 
On the north-west slope at about the same elevation we also find Bembidion 
bipunctatum Linn. At elevations of 3050-3230 metres are found Bembidion 
glaciale Heer, Cymindis vaporariorum Linn., Erebia glacialis Esp., Vanessa urticae 
Linn., Psodos alticolaria Mn., Isotoma saltans Nic., etc. Numerous Diptera 
and mites have been recorded at higher elevations near 4000 metres. 


The general climate of the Carpathian range is far more continental 
than that of the Alps and the timber-line is lowest in the north, but high 
both in the east and south Carpathian. On the Babiagora the timber-line is 
at an elevation of 1300 metres, in the Central Carpathian (Hohe and Niedere 
Tatra) at 1500 metres, in the Rodnaer Alps and Rareul at 1600 metres, in 
Kelemenstock, the Hargita and Nagy-Hagymus at 1700. metres and in the 
south Carpathian it lies between 1700 and 1800 metres, In the Transsylvanian 
Alps the timber-line is about 200-300 metres higher on the south slope than 
on the north slope. We have an excellent review of the bigh altitude insects, 
especially the Coleoptera, from the Carpathian by Holdhaus and Deubel“, 
Comparing the salient features of the high altitude insects of the Alps with | 
those of the Carpathian, we find that while the high alpine zone of the Alps 
is rich in Coleoptera, that of the Carpathian is on the other hand relatively 
poor in exclusively high alpine Coleoptera. We know, for example, at least 
80 species of typically and exclusively high alpine Coleoptera from the 
Ostalps, but there are no more than 20 such on the Carpathian and most of 
them also often occur at much lower elevations. Wedo not also find on the 
Carpathian exclusively high alpine species of Cychrus Linn., Carabus Linn., 
Trechus Clairv., Amara Bon., Orina Motsch., Crepidodera Chevr., Lichotrechellus 
etc. The subgenus Oreonebria Dan. of Nebria Latr., so characteristic of the 
Alps, is also absent. The Coleoptera from the Carpathian differ also from 
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those of the Alps in the remarkable predominance of the taiga species and the 
comparative poverty of the typically and exclusively high alpine elements. The 
Ostalps has on the other hand only a few of the taiga insects and these are 
also confined on the whole to the lower reaches of the high alpine zone. The' 
exclusively high alpine species of the Ostalps belong to genera like Carabus 
Linn., Nebria Latr., Trechus Clairv., Amara Bon., Pterostichus Bon:, Orina 
Motsch., Qrepidodera Chevr., Otiorrhynchus Germ., Dichotrechus, Aphcdius Yll., 
.etc. The Carpathian is, however, characterized by the total absence of the cast- 
anea group of the subgenus Oreonebria Dan. of Nebria Latr., so very typical of 
the high alpine zone of the Ostalps. We do not also find here the pertyi-group 
of species of Trechus Clairv. and the subgenera Eiromorpha Gglb., and Letrides 
Putz of Amara Bon. and other familiar high alpine Carabus Linn., Cychrus | 
Linn., Orina Motsch., Crepidodera Chevr. and Dichotrechus. The number of 
exclusively high alpine species of Ottorrhynchus Germ. found on the Carpathian 
is indeed very small in comparison to the Alps. Of about twenty exclusively 
high. alpine Coleoptera, known from the Carpathian, Oxypoda nimbicola Fauv., 
Otiorrhynchus alpicola Boh. and Aphodius montanus Er. are also known from the 
Ostalps. Nine of them, strictly endemic to the Carpathian, viz., Coryphoides 
=deubeli Bernh., Niphetodes redtenbackert Gglb., Mycetoporus oreophilus Bernh., 
Choleva oresitropha Gglb., Rybinskiella magnifica (Ryb.), Chrysomela schneideri 
Wese., Otiorrhynchus fusciveniris Fss, Otiorrhynchus hypsibatus Gglb. and Brachy- 
odontus reitteri Wse., have a localized distribution. Ten other species, which 
are also endemic to the Carpathian and also occur strictly in the high alpine 
zone, but are widely distributed within the Carpathian include the following: 
Nebria carpathica Bielz, Nebria tartrica Mill., Leistus gracilis Fuss, Deltomerus 
tarticus Mill., Atheta carpathica Mill., Niphetodes deubeli Gglb., Niphetodes spaethi 
Gglb., Blitophaga alpicola Küst., Otiorrhynchus alpigradus Mill. and Otiorrhynchus 
granicollis Boh. 


The Atlas Mountain:—Among the high alpine Coleoptera fauna of the 
Atlas mountain we find species of various genera already known to be typical: 
of the alpine zones of the European mountains. We have, for example, such 
genera like Nebria Latr., Trechus Clairv., Deltomerus Motsch., Amara Bon., 
Zabrus Clairv., Atheia Thoms., Geostiba Thoms. Oxypoda Mannh., Paraleptusa 
Peyerimh., Malthodes Kiesw., Dasytes Fabr., Pseudeurostus Heyd., Tomarcha 
Latr., Luperus Geoff., Otiorrhynchus Germ., etc. There are exceedingly few 
endemic mountain genera on the North-West African mountains: the carabid 
genera Trechopsis Peyerimh. and Oreocys Peyerimh. are perhaps the only typical 
endemic genera. ' 


BOREO-ALPINE INSECTS 


The boreo-alpine elements occupy an important place among the moun- 
tain autochthone insects of Europe, The boreo-alpine insects are charac- 
terized by their discontinuous distribution in the northern parts of Europe and 
at high elevations on the Central European and partly also south European 
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mountains, but are absent in the intervening areas. Many of the broeo- 
alpine species in the north extend als) to Siberia in the east and to a very 
limited extent occur on the Altai mountains and only exceptionally rarely on 
the.Himalaya. Many of the boreo-alpine species are circumpolar in the 
north and thus occur in the extreme north Europe, Asia and Ámerica. The 
grasshopper Podisma frigida Boh., for example, occurs in Fennoscandinavia, 
northern Russia, Siberia, Altai, northern Mongolia, Manchuria, Kamstschatka, 
Alaska and the Alps. Many boreo-alpine species of Coleoptera are known: . 
Nebria gyllenhali Schónh., Bembidion assimilis Chaud., Bembidion defficile Motsch., 
Patrobus similis Chaud., Pterostichus blandulus Mill., Pterostichus kokeili Mill., 
Amara erratica Duft., Amara quenseli Schönh., Trichocellus mannerheimi Sahlb., 
Mannerheimia arctica Er., Arpedium brachypterum Grav., Geodromicus globulicollis 
Mannerh., Anthophagus alpinus Fabr., Athela laevicauda Sahlb., Helophorus 
glacialis Villa, Podarbrus obscuripes Sahlb., Corymbites cupreus Fabr., Chrysomela 
crassicornis Hellies., Otiorrhynchus arcticus Fabr., etc. Some Lepidoptera like 
Parnassius phoebus Fabr., Pieris callidice Esp., Argynnis pales Schiff., Erebia 
lapponica Esp., Erebia epiphron Knoch, Gnophos sordarius Thunb., Psodos coracina 
Esp., retta quenseli Payk., etc., are also boreo-alpine elements on the high 
altitudes of European mountains. Very few of these boreo-alpine species occur - 
within the forest zone; this is for example the case with Evodinus interogationis 
Linn. The greatest majority of the species inhabit the zones above the timber- 
line; some of them are found in the subalpine and others in the high alpine 
zone. Ofthe forty-three species of boreo-alpine Coleoptera from Europe, only 
Bembidion fellmanni Mannerh., ` Bembidion deffictle Motsch., Pterostichus blandulus 
Mill, Boreophilus henningianus Sahlb., Otiorrhynchus arcticus Fabr. and Barynotus 
squamosus Germ. are absent on the Alps. Though the Alps has the majority of 
the boreo-alpine species, only a small number of them occur at high elevations 
throughout the Alps and the others are localized in the West Alps or the 
Ostalps as the case may be. The boreo-alpine Coleoptera of the Carpathian 
and the Sudeten mountains are similar. Of the twenty species found on the 
Sudeten range, two do not occur on the Carpathian. - The Carpathian has 
in addition Bembidion fellmanni Mannerh., Bembidion defficile Motsch., Amara 
quenseli Schónh., Pterostichus blandulus Mill., Pterostichus kokeili Mill., Evodinus 
interrogationis Linn., Otiorrhynchus morio Fabr., etc. There is thus a total of 
29 species of boreo-alpine Coleoptera on the Carpathian. On the Apennine 
Range only Nebria gyllenhali Schónh., Anthophagus alpinus Fabr., Helophorus 
glacialis Villa and Corymbites cupreus Fabr., occur. We have on the Pyrenees 
Nebria ` gyllenhali Schónh., Amara quenseli Schénh., Amara erratica Duft., 
Geodromicus globulicollis Mannerh., Helophorus glacialis Villa, Corymbites cupreus 
Fabr., Otiorrhynchus morio Fabr., Otiorrhynchus arcticus Fabr., etc., and seventeen 
species of Lepidoptera like Argynnis pales Schiff., Erebia lapponica Esp,, Pieris 
callidice Esp.,. Psodos coracina Esp., - Gnophos myrtillatus Thunb., etc. On the ` 
Spanish Sierra Nevada occurs Helophorus glacialis Villa. The boreo-alpine elements 
of the Jura Mountains are Nebria gyllenhali Schónh., Amara erratica Duft, 
Anthophagus alpinus Fabr., Geodromicys globulicollis Mannerh., Otiorrhynchus 


Jan., 1963] M.S. MANI on High Altitude Insects 189 


morio Fabr., etc. Amara erratica Duft and Qtiorrhynchus morio Fabr., are among 
the boreo-alpine elements of the Vosges mountains also. 


The boreo-alpine species are also known as glacial relicts. It was gene- 
rally assumed that the Pleistocene glaciations brought about whole-sale 
destructions of flora and fauna and the relict species were assumed to have 
survived in the marginal zone of the Alps, termed by Holdhaus®®,39, as “massifs 
de refuge”. At the end of Pleistocene the relict species are supposed to have 
rewandered to the interior of the Alps. Janetschek* has however recently 
shown that the boreo-alpine species have actually survived the Pleistocene 
glaciations in the heart of the Alps, on high prasi which remained as rock 
islands (nunatak) above the ice mass. 


HIGH ALTITUDE Insects FROM THE NORTH TEMPERATE ZONE 
OF THE New WORLD 


In Canada the Western Highlands, about 600 kilometres wide, comprise 
the Western Mountain Range, the Middle Range, and the Eastern Range. 
The Western Range contains the Cascade Mountains, with Mt. St, Elias as 
the principal peak, reaching up to an elevation of 5950 metres and situated 
in Alaska. On the Middle Range are situated the Gold Mountains and the 
Eastern Range constitutes the Rocky Mountains. Many ridges in the Wes- 
tern Highlands rise to about 3050 metres above mean sea level, Between the 
main mountain ranges is the plateau of British Columbia. The Labrador pla- 
teau constitutes the Eastern Highlands of Canada. In the United States of Ame- 
rica, the Western Highlands contain the Cascade Mountains, the Sierra 
Nevada and the Rockies in the east, with plateaus in between. In the eastern - 
United States, the mountains are neither so high nor so extensive as in the 
west. ‘The only mountains of importance in the east are the New England 
Mountains, the Appalachian Highlands separated by the Hudson Valley. 
The Appalachian Highlands comprise the Allegheny Plateau in the west 
and the Appalachian Mountains in the middle and the Piedmont Plateau 
in the east. The mountains of northern Mexico lie partly in the temperate 
zone and comprise a western and an eastern range of the Sierra Madre, 
with plateau in between. . 


Our knowledge of the high altitude insect life of the North American 
mountains is, surprisingly enough, very fragmentary, despite the fact that. 
the science of entomology has advanced in America more than elsewhere, 
for example Europe. The White Mountains in the Eastern USA have 
perhaps been better explored than most other North American mountains. 
The highest peak in this area is the well known Mount Washington (near 
44° 30’ N. L.), reaching to an altitude of about 1918 metres above mean sea 
level, but at the same time reaching to elevations above the timber-line, 
which lies at an elevation of 1330 metres on this mountain. The insects from 
this mountain have been described chiefly by Scudder”, Austin € LeConte*, 
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Bowditsh!*, LeConte9?, Slosson?! and others. The following are some of. 
the more important Coleoptera so far recorded from above the timber-line 
on Mt. Washington: 

Carabus chamissonis Fisch., Calosoma frigidum Kirb., Nebria suturalis LeC., Nebria 
sahlbergi Fisch., Nebria pallipes Say, Trechus rubens Fabr., Platynus bohemanni 
Gyllh., Bradytellus cognaius Gyllh., Acidota crenata Fabr., Simplocaria ‘metallica 
Sturm., in addition to several species of Bembidion, Latr., Patrobus Steph., 
Pterostichus Bon., Amara Bon., Harpalus Latr. Agabus Leach, Silpha Linn., 
Quedius Leach, Corymbites Latr., Philonthus Steph., Cytilus Erichs., Byrrhus 
Latr., Hypnodius Steph., Leptura Linn., Chrysomela Linn., Luperodes Motsch., 
etc. We may observe a general preponderance of boreal forms, with several 
genera, which are also found on high mountain ranges in the Palaearctic 
Realm. The species are largely however Nearctic, but some of the beetles 
found on the summit of Mt. Washington, such as for example, Trechus rubens 
Fabr. and Simplocaria metallica Sturm. are also found on Central European 
mountains and are generally widely distributed in the high north latitudes. 


On the Rocky Mountains, at latitudes of about 56° North, the timber- 
line is at an elevation of about 1220 metres above mean sea level. On Montana 
the timber-line lies at an elevation of 2900 metres and at a latitude of 399 
North the timber-line is at an elevation of 3700 metres. These generally high 
timber-lines of the Cordillera doubtless explain the high altitudinal limits reach- 
ed here by the subalpine types. Carpenter? found, for example, 
that the insect founa of the Colorado mountains is very rich at an elevation ' 
of 3350 metres, that is a little above the timber-line. A few hundred metres 
. higher still, the abundance of species falls off markedly and insects are said 
to be generally very scarce at an elevation of about 4260 metres. An eleva- 
tion of about 2750 and 3350 metres corresponds roughly in Colorado to the 
subalpine zone of the European mountains. LeConte? has reported 
from the Colorado mountains a number of interesting genera like Trachypachys 
Motsch., Notiophilus Dum,. Nebria Latr., Bembidion Latr., Platynus Bon., 
Pterostichus Bon., Calathus Bon., Amara Bon., Harpalus. Latr., Hydroporus Clairv., 
Helophorus Fabr., Stenus Latr., Geodromicus Redtb., Lesteva Latr., Olophrum 
Brichs., Deliphrum Erichs., Orobanus LeC., Anthobium Leach, etc. 


There are many forms on the Rockies belonging to genera which are 
met with at high elevations on Central and south European mountains. Among 
. the Coleoptera found above an elevation of 3960 metres in Colorado are 
Carabus taedatus Fabr., Tachypachys inermis Motsch., Notiophilus hardyi Puts., 
Gymindis sunicolor Kirby, Pterostichus (Corybius) surgens LeC. (2750-3965 metres), 
Amara gibba LeG., Amara (Curtonotus) cylindrica LeC., Aphodius terminalis Say, 
^ Podabrus lateralis LeC. (2900-3955 metres), Collops hirtellus LeC., Acmaeops atra 
LeC., Chrysomela montivagans LeC. (3350-3960 metres), Adimonia externa Say, 
Epicauta pruinosa LeC. and Lapyrus gemellus Kirby. Many of these species often 
occur within the forest zone immediately below the timber-line and it is thus 
not possible at present to give a list of the exclusively high alpine Coleoptera of 
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the Rockies. It is, however, extremely interesting to observe that the genus 
Carabus Linn., which is widely distributed both in the subalpine and the high 
alpine zones on Central European mountains, is rather poorly represented on 
the Rockies. Indeed no typical mountain autochthone Nearctic species of the 
genus seems to have found so far. 'The tribe Cychrini is however represented 
by several species, both in the subalpine and alpine zones of Nearctic moun- 
tains, but there are perhaps no true high alpine species of the genus Cychrus 
in the region. Relatively few species of Trechus Clairv. are known at present 
and noxe of them are also exclusively high altitude forms. The total absence 
of Ororrhynchus Germ. on the Nearctic mountains is very significant, when we 
recollect that this genus is found in the plains of North America, with a num- 
ber of species introduced from Europe. It must also be observed that the 
Chrysomelid genus Orina Motsch. is not represented on the Nearctic 
mountains. 


The high altitude Lepidoptera from the Nearctic mountains include 
species of Parnassius Latr., Colias Fabr., Oeneis Hübn., Erebia Dalm., Argynnis 
Fabr., etc,, genera which are widely distributed in the Palaearctic also. While 
Parnassius Latr. occurs in Alaska up to the arctic circle, in the rest of North 
America, it is however found on the Cordillera, southwards up to 359 N.L. 
and ascends here usually to an elevation of about 4000 metres. Even Erebia 
Dalm. and Oeneis Hübn. are found at high elevations ; for example, Erebia 
apipsodea Butl. occurs at an elevation of 3660 metres in Colorado, Erebia magda- 
lena Steck. at an elevation of 3050-4270 metres in Colorado, Oeneis beani Elw. 
at 2440-2750. metres in Alberta (Canada), Oeneis semidea mii and (Qenets 
brucei Edw. at 3660-4270 metres in Colorado. 


Many grasshoppers occur at high elevations on the North American 
mountains. The Acridid genus Podisma Latr., found on the Himalaya and 
Europe, is represented in North America by a typically mountain autochthone 
species Podisma nubicola Scudd., which occurs atan elevation of 3350-3970 
metres and naturally above the timber-line on Mt, Lincoln Colorado. Podisma 
stupefacta Scudd. occurs on the Tao Peak in New Mexico at 396° metres, Podisma 
dodgei Thom. at an elevation 1830-3350 metres in Colorado and Podisma 
marshalli Thom. atan eleyation of 3350-3960 metres also in Colorado. The. 
genus Melanoplus Stal. related to Podisma Latr., is also represented by a number * 
of typical mountain autochthone species like Melanoplus altitudinum Scudd., oc- 
curring from Montana to New Mexico and on Taos Peak in the latter area at 
an elevation of 3960 metres, Melanoplus monticola Scudd., in Sierra Blanca in 
Colorado above the timber-line at elevations of 3660 metres and 3960. 
metres. Acrodectes philopagus Rehn € Hebard is perhaps a typical mountain ' 
locustid, which has been found at an elevation of 3960-4400 metres on Sierra 
Nevada, on Mt. Whitney and other parts of the southern Sierra Nevada at 
elevations of 3200-3660 metres. 
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HiaH ALTITUDE INSECTS FROM THE MOUNTAINS 
OF THE SourH TEMPERATE ZONE 


The principal mountain range in the south temperate zone is the sou- 
thern part of the Andes. In this part of the Andes the timber-line and 
the snow-line are naturally much lower than in the Chilean Andes and near- 
ly arctic conditions prevail. Some high altitude insects from this are known. 
The high altitude Coleoptera from this part are relatively poorly known ; the 
Lepidoptera are however somewhat better known. Most of the high altitude 
butterflies of the southern Andes are typically small forms and remind us of 
the high alpine butterflies of the Alps in their general colour and habits. The 
genera which are peculiar to the southern Andes are Phulia and Trifurcula 
Zell, which have their close relatives among the Pierids of Asia, but Golias 
Fabr. and Pierts Linn. are also found. The Nymphalidae are here represented 
by Argynnis Fabr. and Vanessa, the Satyridae by  Pseudomaniola, Lymanopoda, 
Pedaloides Steroma etc., in place of the boreal Erebta Dalm, and Qeneis Hübn. 
‘Among the Heterocera we find Agrotis O., Prodenia, Mamesira, Psodos, Azelina, 
etc. 


Some high altitude insects from the mountains of the Australian region 
are also important. The Satyrid genus Heieronympha Wallgr. is for example 
typical of the high mountains of New Zealand and Tasmania. Likewise, the 
genus Xenica Butl. also contains many species which are typical and exclu- 
sively high altitude forms, like Xenica orichora Meyr. and Xenica correae Olliff., 
which have been reported from Mt, Kosciusko at elevations of 1500-1800 
metres. Many species of the genus have a localized distribution on Tasma- 
nian mountains, Some species of Erebia Dalm. have also béen reported from 
the mountains of New Zealand, but this genus is absentin Australia and 
Tasmania. Eretbiola builen Fer. and Perenodaimon pluto Fer., closely related 
to mountain Satyridae- of the Palaearctic are exclusively mountain species 
and occur at elevations of 1000-1850 metres on the South Island (New 
Zealand). Other mountain species belong to AMetacrias Meyr., Notoreas 
Meyr., Dasyuris Gn., etc. The adult female of the Arctiid Metacrias Meyr. is 
remarkable for its greatly atrophied wings. The grasshopper Pezotettix Burm. 
is reported to be typical of the mountains of New Zealand. 
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PRENATAL DEVELOPMENT OF BUFFALO—BOS BUBALIS L. 


SURJAN Sinon, O. P. S. Sencar AND S. N. SINGH 
Department of Animal Husbandry & Dairying, B. R. College, Agra. 


Buffallo—Bos bubalis L., plays a significant role in the economy of several 
tropical countries and occupies a unique position amongst their livestock. 
By combining both quantity and quality in their milk they fetch more profits 
to their owners. Besides, they provide tillage and transport in swampy-tracts, 
meat to certain classes of people and excellent quality hide for our varied use. 
Above all, to consume comparatively poorer feeds and convert them into richer 
food is their speciality. In India the shifting interest of the dairymen from 
cow to buffallo has revolutionized the traditional thinking and outlook of the 
people. Cow, which has for long monopolised the favour of the masses under 
the shielded protection of so-called religious sentiment, fails to compete with 
buffalo as milk producer. The promising venture of buffalo, therefore, calls 
for a detailed investigation about this animal. Along with the several projects 
which are already under way or are being contemplated to be taken up, studies 
on calf raising programmes, in order to explore the productive efficiency of 
this animal, cannot be ignored. 


It is needless to emphasize the fact that the calf raising programme does 
not start after the calfis born but from the time it is seeded. In order that 
the developing calf inside the womb may effectively be taken care of and its 
growing needs be met with, an attempt has been made to collect some infor- 
mation ‘on the rate of foetal development in buffaloes and establish the normal 
growth curve with regard to gestation, so that the feeding of the females during 
pregnancy could be made adequate, effective and economical. This might 
also be of use in the veal producing programmes and help in getting heavier 
birth weights for more profits. In addition, it will also help in pregnancy 
diagnosis and in evaluating the effects of varied environments on foetal growth, 
the possibility of which is only speculative for want of sufficient information. 


REVIEW OF LITERATURE 


The scientific and systematic information on prenatal development “of 
farm animals is scarce. It is altogether wanting in case of buffalo, although, 
some ‘parallel information is available about pig, sheep and cattle in foreign 
literature. Lowrey (1911), Patten (1931) and Arey (1934) studied the 
embryology of pig based on slaughter house specimens, the ages for which 
were assigned on the basis of their linear measurements. Their observations 
are quite in line with those of Warwick (1928), who conducted similar studies 
on timed specimens. Mitchell and associates (1931) on the other hand have 
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attempted a chemical approach to a similar problem and have presented their 
observations for the internal organs, 


Clark (1934) has thoroughly reviewed the early work on sheep in 
connection with his own studies on the cleavage of ovum. His specimens 
ranged from the unsegmented egg to primitive streak stage (13 days post 
coitus). Studies of Green and Winters (1935) and Cloete (1939) on the other 
hand have been based on the specimens of accurately known ages. Winters 
and Feuffel (1936) have made precise observations on foetuses ranging from 
34 days to 140 days in age and have presented their illustrations in support 
of the text. | 


The literature based on timed specimens on cattle is rather limited. 
Hammond (1927) has briefly described and illustrated a few specimens, 
which he recovered at the end of each lunar month of pregnancy. Hartman 
et al., (1931) and Miller et al, (1931) have described a two-celled cow egg, 
which. was recovered 48 hours after mating and unfertilized tubal ovum 
collected 72 hours after mating respectively. Kupfer (1936) went a step 
further and found that it takes 4 days for the ovum to travel through the oviduct 
and reach the uterine horn. He also reported a series of specimens ranging in 
age from about 3 weeks to about 15-17 weeks. His approximation agreed 
closely with the specimens of known ages reported later. 


Winters, Green and Comstock (1942) have presented pictorially the 
complete development of the bovine from the unfertilized ovum to the fully 
developed calf. These authors have also supplied growth measurements and 
. have discussed the relative values of some of them. Nichols (1945), on the 
other hand, has studied 101 foetuses with crown-rump lengths varying from 
22-680 mm. in an endeavour to establish a normal growth curve with regard to . 
age, weight and crown-rump length. He also made some observations on sternal 
knotch to pubis length, occipito-frontal horizontal and dorso-ventral diameters. 
A comparison of these measurements with the crown-rump length indicated 
that the dimensions of the major body regions bear nearly a constant ratio to 
the total body length. He used age-length-weight relationship to establish the — 
age ofthe unrecorded specimens. 


METHODS AND MATERIAL 


The material for study comprised the buffalo foetuses of unknown ages 
obtained from the females irrespective of breed, age, and the nutritional status 
from various sources. Attempts were also made to gather as much information 
as possible about the stage of gestation, but reliable information on this point 
could not be possible. The foetuses of the known ages were only rare and the 
same could be used to check the reliability of the basis adopted for age 
estimation. Certainly such a study would have been more dependable and 
conclusive if conducted on timed specimens, but this being an expensive pro- 
position could not be possible. However, it is hoped that the information 
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presented herein would be indicative of the general trend associated with the 
growth rate of the foetuses in this animal. 


The method consisted of careful examination of the uteri of the slaugh- 
tered or fallen females. The advanced cases of pregnancy were opened in 
the field itself and the foetuses removed to the laboratory, while in early 
pregnancy the intact uteri were brought to the laboratory, carefully opened, 
chorion and amnion removed and the foetuses taken out (Figs. 1, 2 & 3). 
Cases of very early pregnancies, suspected on the basis of ovarian C. L., were 
opened under a magnifying lens and the embryos were carefully collected 


(Fig. 4). . 


. A total of 161 specimens including both embryos and foetuses were 
collected and subjected to the various examinations and measurements 
selected for the purpose. The sex of the foetuses, if detected, was recorded 
and the specimens weighed in grammes using a reasonably sensitive balance. 
The various linear measurements were taken in cm. with the help of a 
divider or thread, while the volume was measured by displacement of water. 
Some of these specimens uniformly distributed throughout the gestation were 
saved for museum, properly fixed and preserved in 5% formalin in suitable | 
glass containers. 


Measurement Technique: 


The various observátions recorded for the embryos and foetuses are almost 
the same as used by «Winters and Feuffel (1936) for cattle with slight modifi- 
cations as under:— 


(1) Weight—Chemical, physical and pan balances were used depending 
upon the size of the foetus and the weight recorded in gm. or fraction 
thereof. 


(2) Volume—This was taken by suspending the foetus with a thread in a 
suitable container with water and the water displaced was noted in c. c. 
It was used as closest approxiniation for the over-all size. 


(3) Pin-crown length—This was obtained by measuring the distance from the 
crown ofthe head to the pin point of the pin-bone. Every foetus was put 
in a flat and stretched position before taking the measurement and the 
relative position of the head and i c was alwaysas nearly the same as 
possible. : 


(4) Shoulder-point to pin-bone—As the name suggests it was taken from 
shoulder-point to pin-point. 


(5) Tail head to line joining ears—The line joining the ears is imaginary, but - 
it was fixed with considerable accuracy. A pin inserted through the skin 
was used to mark this point while another pin was taken at the base of 
the tail, 
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(6) Medium neck srcathforence—It + was taken by running a thread about the 
middle of the neck. 


| (7) Chest circumference—1t was measured just rear to the forelegs. 
(8) Abdomen circumference—This was taken just touching the umbilical cord. 


(9) Chest depih—1t was the vertical distance between the floor of the chest 
immediately behind the forelegs and the top of the withers. 


(10) Chest width—It was the horizontal distance between the two shoulder 
points. : 


(11) Horizontal head circumference—It was taken across the glabella. Four 
pins were used, two close to the base of the ears and the other two over 
the eye region of the skull. A thread was then run around the head 
below the pins. | : . mE 


(12) Head heighi—It was -the ene distance between crown top and the 
base of the mandible. 


(13) Head widih—It was the horizontal distance between the points just 
infront of the ears. 


(14) Head length—-It was measured from beneath the chin to the top of the 
crown. 


(15) Face length—This was a projected measurement from the line joining 
the inner corners of the two eyes to the point of the chin. 


(16) Height at withers—It was taken from the point of ' hoof of the foreleg to 
¿the top of the withers. 


(17) Height at pin—It was noted from the point of hoof ei hindleg to the 
pin point. 
(18) Tail length —This was taken from the base to the tip of the tail. 


Technique of Age Determination ; 


Assuming the nature of prenatal development in cow and buffalo to - be 
similar, the data collected by Winters, Green and Comstock (1942) for cattle 
have been used as the basis of age determination. In order to make the esti- 
mates fairly accurate four different body measurements, i. e., pin-crown length, 
chest circumference, abdomen circumference and horizontal head circumference 
were used. The absolute values for these measurements for cows were converted 
into the relative values, expressed as the percentage of the standard gestation 
period and size. This was essential because of the initial difference between the 
gestation period and the size of the two species. The graphs were then plotted 
between the stage of pregnancy (expressed as percentage of the total gestation 
period) and size (expressed as percentage ‘of normal size of the foetus at the 
end of the gestation period) and the smooth curves drawn, 
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The stage of pregnancy in terms of percentage of the gestation period . 
was estimated for each individual on the basis of the different curves drawn 
for different measurements, ‘These percentage values of gestation period varied 
from one another for the same individual due to the difference in the rate of 
development of various body parts at different stages of pregnancy, Thus 
in order to get the most representative curve satisfying the different body measu- 
rements, pooled average of the above values for different stages of gestation 
were worked out, plotted and a smooth standard curve obtained. This curve 
from the data of Winters, Green and Comstock (1942) for cow thus served as the 
standard for estimating the stage of pregnancy as percentage of gestation period 
from the measurements of the foetuses for buffaloes. These percentages were 
then converted into actual stage of pregnancy in days taking the normal gesta- - 
tion period for the species as 310 days. 


The age groups with an interval of 30 days were then formed on the basis 
of estimated age and the averages for the different measurements were worked 
out for different age groups. The graphical representations of the different 
average body measurements of the estimated age have also been made for 
comparison. Normal gestation period for buffaloes was taken as 310 days, while 
the standard body size at the end of the gestation period was based upon the 
average body weight of 65 lb. (Average birth weight of 100 buffalo calves at 
Military Dairy Farm, Agra). Different body measurements of calves approch- 
ing the average weight (65 lb.) were taken and averaged. The standard size 
thus obtained for buffalo calves at birth was utilized for converting the 
absolute values into relative values expressed as percentage of the standard size 
at birth, 


Some of the specimens have also been photographed ágainst the metric 
graph in order to give the comparative idea about their size at various stages 
of development. These were taken with the help of a 33 mm. contaflex camera 
using close up lenses for the larger specimens, while the smaller ones were 
photographed under a wide field binocular. These photographs have been 
included in support of the text. 


EXPERIMENTAL FINDINGS 
Description of the Specimens : 


Reproduction amongst animals is no different from growth. It is actually 
the multiplication in number after the cessation of the somatic growth. Growth 
of the individual from the formation of the zygote (a single celled stage) until 
birth is a continuous process (Fig. 5). However, the prenatal period, for the 
sake of convenience, can be divided into several phases of development without 
altering the basic concept of continuity. These phases can be designated either. 
on the basis of different body measurements as length, weight and volume or the 
development of different organs or just by appearance. 


ro 
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The prenatal period is usually divided into three major phases namely 
the ovum, the embryonic and the foetal based upon some of the more critical 
moments and the amount of development during the intra-uterine existence. 
As usual the period of ovum in buffaloes should last from the time of fertiliza- 
tion until the attachment of the blastocysts to the endometrium of the uterus. 
The embryonic phase is generally the period during which the genesis of 
different organs and systems takes place.. Although most of the changes 
during this period are internal, the body shape also undergoes a series of 
successive changes. The body torsion characteristic of the embryo at early 
stages is lost and the specimen assumes a rather C-shaped structure. This too 
is altered at later stages by the appearance of rather definite points of flexure. 
These and the other changes in body shape make it possible to describe 
embryonic development not only in terms of linear measurements, but also in 
terms of body outline. As the genesis of the organ system is almost complete . 
during embryonic period itself, the main changes that occur during the 
foetal stage are those of growth and minor details of differentiation. The 
point of demarcation between the embryonic and the foetal stage is somewhat 
arbitrary. However, the duration from 50.days to the end of gestation has 
been termed as the foetal period, mainly because all body organs get well 
differentiated by about the 50th day. In case of cattle, on the other hand, 
organo-genesis is complete within 45 days as indicated by the studies of 
Winters, Green and Comstock (1942). This is probably due to the compara- 
tively more rapid rate of development in cattle than in buffalo. : 


Period of Qvum : 


- The phase of ovum could not be studied for want of proper facilities of 
recovering the ova from the females and the recorded pregnancies. 


Embryonic Period : 


The embryonic period as usual begins at the time the embryo attaches 
itself to the uterine wall. A close examination of the embryonic attachment 
revealed that in this case it does not bury itself into the uterine mucosa as. is 
the case with primates and rodents. It only makes a surface to surface contact 
with the wall of the uterus at the specialised points called cotyledons as in: 
case of cow and sheep. A series of embryos has been shown in Figs. 6, 7 and 
8. The early ones (Fig. 6) which did not establish placental contacts with the 
uterus could be easily gathered by flushing the gravid uteri with normal 
saline, while the older ones (Fig.8) had to be detached from the uterine 
mucosa at cotyledons which develop progressively. 


As has already been indicated, the very early embryonic stages ‘also 
could not be given due attention for want of adequate facilities. The youngest 
specimen (about 28 days old) has been shown in Fig. 9. It has a C-shaped struc- 
ture with acontour length of about 1.5 cm. and weighs approximately 0.06 gm.. 
The branchial clifts and their accompanying arches are clearly noticeable 
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as oval slits Just behind the cephalic bulge. The optical vesicle is quite promi- 
nent and the otocysts, heart, liver and mesonephric regions are also quite 
distinct. All somites are almost formed and the tip of the posterior region js 
still blunt and does not grow into the tapering tail. The remnants of the 
yolk sac along with the progressively sa allantois are distinctly 
visible. 


As the embryo develops further, few characteristics like addition in the 
branchial arches, reduction in the heart bulge, large mesonephric aud liver 
prominences and a little more differentiation of the head region along with 
the eye-spots get noticeable. The limb buds start making their appearance 
and in about 32 days old specimen (Fig. 10) they become quite prominent. Of 
the two limbs anterior ones seem to make a quicker progress in growth than 
the posterior ones. At this stage the contour length changes to about 2.2 cm. 
and the weight increases to about 0.14 gm. The mesonephric, liver and 
the linib prominences increase progressively with the growth of the embryo. 
The blunt posterior region starts turning into a pointed tail. 


By about 36 days the weight increases to about 0.2 gm. with „a contour ` 
length of 3.3 cm. The body at this stage also maintains its C-shaped disposi- 
tion without significant differentiation in the facial features (Fig. 11). The 
branchial arches reduce while the nasal pits, ear slits and eye spots get 
clearly defined. The heart bulge reduces, while -the liver prominence 
increases considerably to fill the concavity of the embryo almost completely. 
The limb outgrowths continue to grow .as the embryo enlarges in size and 
” assume somewhat clubbed and flattened appearance. 


By about 40 days of gestation the embryo starts increasing rapidly on 
its ventral side as a result of which the C-shaped contour of the body is 
lost and it gets linearly extended. At this stage pin to crown length is about 
1.4 cm. The embryo weighs about 0.49 gm. and the mesonephric region 
becomes much more prominent, while the heart bulge reduces significantly 
(Fig. 12). At this stage the head starts elaborating, eye and the lower jaws | 
become prominent and the slit representing the future mouth gets clearly 
established. Limbs along with tail continue to grow further and the former 
assume a flipper like appearance. 


As the embryo grows further there is an extension of the abdomen due 
to the liver enlargement. The head which was so far laterally compressed 
gets somewhat rounded with a conical cephalic prominence on its top. The 
eyes get prominently defined and start sinking into the. head with eyelids 
developing around them. The ear slit gets restricted to a pit like structure 
without external ear (pinna). The umbilical cord gets prominently developed 
and the genital tubercle growing .just below the tail also gets visible, But 
elaboration of the sex is not clear externally. The limbs start developing 
their joints and the extremities start differentiating into the future hooves. 
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By about 43 days of gestation (Fig. 13) when the embryo weighs about 
0:77 gm. and measures about 1.7 cm. from pin to crown, limbs develop: 
further with elaborating hooves and dewclaws. The fore limbs precede the 
hind limbs as far as development of these features is concerned. Sex differen- 


tiation also starts from this point onwards. The cephalic dome nearly. 


approaches its maximum growth at this stage, and then progressively regresses 


with the growth of the embryo. The face, which was almost flat so far, 


starts growing into a snout, the eyes start as and me ear slits get pounced 
up into open pits without pinna or external ear. 


By about the 50th day of gestation (Fig. 14) the sex gets clearly 
differentiated. The tip of the genital tubercle turns and points backwards if 
it were to bea female foetus, whereas in case of a male it runs forwards 
upto the ambilicus close to the abdominal wall. The labio-scrotal swellings 
' (genital swellings).also make.their appearance as small domes one on either 
side of the genital tubercle as early as about 45 days of gestation. These domes 
progressively increase in size, migrate posteriorly due to the straightening of 
the ventral line of the foetus and come to fuse with each other forming the 
scrotal pouch by about the 80th day of gestation in case of male foetus. 
These domes, which also appear in female foetus to'start with, elaborate for 
a while and then regress progressively with the growth of the foetus and 
i probably get incorporated with the developing vulval lips. 


The liver prominence is about the maximum of its deyelooments at this 
_ stage. The limbs start elaborating their joints, points, dewlaws and hooves. 
_ The face gets snouted and provided with well differentiated lips, tongue and 
nostrils, The ear openings gets covered by the growing external ear-lobe and 
the eyes develop well defined lids around them. The cephalic dome on thé 
top of the head regresses, but the enlarged cerebral hemispheres account for 
a prominent bulge anteriorly. At this stage the specimens measure about 2.4 
cm. between pin and crown and weigh about 1.66 gm. 


~ Thus the 50th day stage is the stage wherein almost all the body organs 
have laid their blue prints. This can, therefore, be safely regarded as the 
transitional stage between the embryonal and the foetal phases. 


Foetal period. : 


. About 8495 ofthe total gestation period in case of buffaloes is occupied 
by the foetal phase, which is in close agreement with that for cattle. The 
major changes in the foetus at this stage are of growth and continuing 
differentiation, The eyes get partially covered with the growing lids by about 


-65 days of gestation (Fig. 15) and are covered completely within a few days. 


afterwards (Fig.16). Some of the important changes in the body form which 
take place during this period are associated. with the alterations in the head 
and the neck regions. These are the reduction in the size of the cephalic dome, 
a recession of the cervical flexure, further elaboration of facial features, 
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elongation of the neck and the orientation of the head at 90° with the longi- 
tudinal axis of the'body. Figures 15 to 20 help better than words in gaining 
à better conception about the changes the specimens undergo at this phase of 
development. The specimens referred to above also ‘reveal a few abdominal 
changes like the reduction in the size of liver prominence and an extension of 
the body wall to the umbilicus. The ribs, laid down during embryonic 


period, start becoming prominent due probably’ to the ossification of their 


vertebral portions. 


The appendages,in general undergo an interesting change. The short 
and thick embryonic limbs progressively elongate and elaborate with regard 
to different joints, points and outline till birth. However, the hind limbs 
which have been lagging behind during the embryonic phase assume a rela- 


tively quicker development and approach the front ones not E Ond in length 
but also i in the degree of differentiation. 


The mammary glands, as conspicuous white spots, just below the skin, 


-a pair on either side of the mid ventral line, make their appearance by about 
65 days of gestation. In males these spots lie on an arc whereas in females 


they are more or less squarely placed. The spots change to mammary 
hillocks at about the 80th day of gestation. The arc in case of males straight- 
ens with foetal growth so much so that it forms almost a straight line in a 
150 day's foetus. Of the two sexes, the females, in general, seem tó make a 
quicker progress in respect of mammary glands than males. In females they 
are a little more conspicuous with better developed and placed teats than their 


counter part in males. "Their further growth is almost isometric i. e., propor- 
tional to the general body growth. 


Some of the fundamental changes in body proportion mentioned above, 
continue to take place till about the 100th day of intra-uterine existence. 
The alterations in the body from 100th day onwards till birth, though definite, 
are not radical, as can be seen from Figs. 17 to 24. Although genetic make-up 
of the parents is ‘said to be responsible for the slight differences in skin and 
hair pigmentation, body proportions and foetal size at a given age of the 


individual, it apparently does not significantly - affect the A trend 
of the body changes in foetuses. , 


A few features. in addition to the body measurements, may also assist 
in estimating the stage of pregnancy. Horn pits make their appearance for the 
first time at about the 250th day of gestation and elaborate at a very slow. 


. rate, so that the horn buttons are formed by about the 275th day and grow 


into small prominences by the time of ‘parturition. Pigmentation of the skin 
on the other hand apparently starts from about the 150th day, continues 
progressively and is completed by about the 200th day of gestation. A few 
small hair make their appearance over the muzzle and eye-lids at the age 
of about 175 days and by about 200 days the hairs also appear on eyebrows, 


f 


r 
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but the hair-coat does not cover the body until approximately 275 days of 


f 


gestation. 


' PRESENTATION OF MEASUREMENT DATA 


The average values for different foetal measurements at monthly intervals 
have been presented in Table 1 along with those of the newly born calves and 
represented graphically to show their general trend. | 


The average body weight and volume when plotted on estimated age 
(Graph 1) give a fairly smooth curve. It clearly indicates that the gross foetal 
development is very slow in the beginning and then shoots up suddenly after 
about 165 days of gestation. The curves are.in very close agreement with 
those of Winters, Green. and Comstock (1942) for cattle. However, the shoot- 
ing point lies at about 165 days in case of buffalo as against 140 days in cow. 
Curves for other measurements also show almost a similar trend but of 
different magnitudes as can be seen from graphs 2, 3, 4, and 5. | 


The ratios of the body parts to pin-crown length are also quite interesting 
and have been presented in Table 2. The weight and volume of the speci- 
mens in proportion to their lergth increases steadily throughout the gestation’ 
period. The horizontal head circumference, on the other hand, decreases ` 
proportionately as the specimens grow older. The chest and abdomen circum- 
ferences are relatively larger in the 45 to 75 days specimens, mainly due to the 
extensive liver prominence at this age. Tail length as well as the length 
from pin to shoulder point increase uniformly throughout the gestation period 


. except at a few points. 
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Discussion | 


As the material in this study consists of buffalo foetuses of unknown 
ages, the growth data for cattle have been utilized for determining their ages, 
assuming the growth rates to be similar in both the cases. A relatively 
large number of specimens, distributed throughout the gestation period, have 
' been used for different body measurements and averaged to take care of the 
individual variation due to age, size, breeding and care of the pregnant 
female. These values when plotted give much smoother curves than those- 
_ of Winters, Green and Comstock (1942). 


_A study of the specimens presented in this text indicates that ‘during 
thee prenatal period the individual undergoes a series of changes in shape, 
size and disposition. The averages of the -various measurements. clearly 
indicate that the growth is a continuous process and the various changes 
merge into one another. The growth rate is relatively much faster in the 
beginning than in the later stages of gestation, although the gross development 
of the foetus is maximum during the later stages only (Fig. 25). It is noted 
that the foetuses gain about 50% of their body weight during the last 
month, about 25% during the last but one and about 15% during the last: 
but two months of gestation. Thus from the economic: point of view, it 
would be needless to emphasise that the dairymen interested in buffaloes 
should bear the above facts in mind while formulating the feeding schedules 
and adopting the dairy practices for their pregnant females. This should 
help them in making due allowance in the feed nutrients for the developing 
foetuses at different stages of development and provide special care and 
management to the expectant females and down calvers, The curves for: 
weight and volume are in very close agreement with those of Winters, Green 
and Comstock (1942) for cattle. However, from the data presented herein 
“it is apparent that the foetal growth in buffalo is much slower than in 
Holstein:—Friesian, where the birth-weight ranges between 70 and 125 Ib. 
and is attained in 280 days of gestation. The buffalo can, however, favour- 
ably compare with the light breed of cows like Jersey. Making an allowance 
for the initial difference in the birth-weight and ‘gestation period of buffalo, 
the findings of the authors are in close agreement (only trend and not the 
absolute values) with those of Swett et al. (1948). Their averages of certain 
body measurements of the developing foetuses at successive 30 days intervals 
for cattle (all: breeds combined) and how they compare with our findings 
can be seen in Table 3. 


The apparent features of prenatal development in buffalo are very 
similar to those of cattle and sheep. However, there is a considerable 
difference in their growth rates. This may be due to the fact that the 
buffalo has 1:11 and 2:07 times as long a gestation period as cattle and 
sheep respectively. The rate of prenatal growth in these species is also 
affected by their average birth weights. The newly born lambs’ are much 
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lighter than the -newly. born calves of cow and buffalo. It is for’ these 
reasons that the prefoetal period in buffalo, cow and sheep is 50, and 45 
and 34 days:and occupies 16%, 16% and 23% of their gestation periods 
respectively. However, the stage of foetal development with regard to the 
size and shape in buffalo, cow and sheep is comparable at 180; 140 and 104 
days of their: PERSUPEHIC gestations. B i 
SUMMARY AND CONCLUSION 
E o 
- The shifting interest from -cow to buffalo in tropical dairying has been 
emphasised and the prejudice and paucity of information about buffalo has been 
pointed out. The importance of information -on prenatal development . in 
the efficient calf-raising programmes for profitable dairying has been stressed. 
The relevant information on this subject has been reviewed and the importance 
of gathering such an information on buffalo has also been impressed. 
Observations on the prenatal development of buffalo based on 161 cases 
of unknown ages, well distributed throughout the. gestation period and 
including both embryos and foetuses irrespective of the sex have been 
presented, illustrated and discussed, | 


The agesfor the different specimens have been assigned with the help 
of the data for cows after proper statistical treatment. The specimens under 
study ranged from 28 days to parturition and were obtained from various 
sources. The various measurements and observations made on them were 
after the manner of Winters, Green and Comstock (1942) and Swett et al., 
(1948). 


The data collected have been adistributed into various age groups of 
monthly. intervals and the class averages for the different measurements 
have been tabulated and represented graphically. The orientational, 
_ topographical and morphological changes undergone by the embryos and 
 foetuses during development have also been described and depicted with 
the help of photographs of the actual specimens.’ Of the various observations . 
recorded by the authors pin-crown length and weight proved to be more 
renabl and this reliability was enhanced when both were used toRe Bien 


Some of the general i impressions gained dune the course of the present 
investigation are as under:—  ' 


l. The gestation period of 310 ‘days of this pues can be divided 
into the following three phases:— 


(a) Phase of ovum-—the period from fertilization to implantation. 
(b) Phase of embryo—the period of organo-genesis, and 
(c) Phase of foetus—the period from 50 days to parturition. - 


2. The head undergoes remarkable changes with regard to its contour 
and disposition. The cephalic dome and cerebral prominence which are maxi- 
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mum during the embryonal stages get progressively reduced during the foetal 
stage. 


.9. The optic vesicles get established as early as 28 days of intra-uterine 
life. But the actual formation of the eye starts at about the 36th day, which 
gets clearly established by about the 40th day, and is covered A the progres- 
sively growing eye-lids by the 80th day of gestation. 


4, The ear represented by a slit at 36th day stage, gets E € | 
restricted to a pit and covered “by the growing pinna by aout the 50th day 


of ESStoHon: ; . , 


5. The liver prominence on the other hand progressively increases during 
. the embryonal stage, is almost at its maximum by the beginning of the foetal 
period and then progressively decreases during the foetal phase. 


6. Apparently the differentiation of the sexes is not possible until about 
the 50th day of gestation. Itis possible only after it enters the foetal period 
when the genital tubercle starts differ entiating into penis of the male or clitoris 


of the female. 


7. The genital swellings which make their appearance, irrespective of 
the sex at about the 45th day of gestation, give rise to the scrotum by the 80th 
day of gestation in males and are lost in females by their incorporation with the 


vulval lips. 


8. The mammary glands also develop irrespective of the sex and are 
apparently visible at the age of about 65 days of gestation. They are disposed 
differently in the two: sexes. They are located on an arc in males and almost 
squarely placed in the females. | 


9, 'The black pigmentation of skin, characteristic of buffalo, starts from 
about the 150th day and ` is almost completed by about the 200th day of . 


gestation. 


10. Hairsgrow much later than the start of pigmentation (175 days 
stage) and the coat cover is complete only by about the 275th day of gestation. 


11. Limbs which represent the degree of extreme specialization make 
their appearance.as limb buds as early as in 32nd day specimen. These grow. 
progressively as simple outgrowths and then get differentiated with hooves dew- 
claws and various joints and points by about the 50th day of gestatian. Their 
further elaboration is brought about during the foetal phase. 


12. The apparent rate of development is very slow in the beginning 
(only about 10% of the birth weight during the first 7' months) and extre- 
mely rapid during the last 3 months of gestation (about 90% of the birth 


weight). 


‘Mitchell, H. H., Carroll, W. E., Hamilton, T.S. & Hunt, G. F. 


Jan., 1963] S. SINGH et al., on Prenatal Development of Buffalo-Bos bubalis L. 213 


: Thus on the basis of this investigation, it can safely be recommended that 

the last three months of gestation is the most critical period for any progressive ` 
.. dairy enterpriser dealing in buffaloes, because 90% of the total foetal growth 
takes place during this part of the gestation." .The feeding schedules and the 
management practices for the pregnant females should, therefore, be adjusted 


accordingly for successful dairying. 
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Graph à :- Showing the rate of increase in the foetal height 
and chest width during prenatal development. 


=-=] Height at withers. 
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Graph $ :- Showing the rate of head enlargement during the 
. prenatal development. a 
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Fig. 2—Gravid uterus opened to show the chorion and its attachment with uterine wall as 
cotyledons. 
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Fig. 3—Foetus inside the Amn 


Jan., 1963] 


Fig. 4—Horn opened under magnifying lens for the collection of the early embryos. 
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in their contour characteristics and organogeny 


Fig. 6—A series of early embryos showing the progressive changes 
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Figs. 7 & 8—A series of advanced embryos showing the progressive changes in their contour 
characteristics and organogeny. 
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Fig. 9—A 28 day embryo with characteristic ‘C’ shaped structure, prominent cephalic, heart 
liver and mesonephric prominences, optic and otocyst vesicles and the branchial arches. 
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Fig. IA 36 day embryo with reduced branchial arches clearly defined eye spot and car 
slit and enlarged liver prominence. 
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Fig. 13—A 45 day embryo with prominent cephalic dome sinking eye, pinnaless ear pit, and 
snouted face. 





Fig. 14—A 50 day embrvo with receding cephalic dome & growing cerebral bulge, a large lever 


prominence, growing eye-lids and pinna, and elaborated limbs with regard to their 
joints points and hooves. 
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Fig. 15—4 65 day foetus 
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Fig. 17—A 100 day foetus with fused eye lids over the eyes and head oriented at 90° with 
the main axis of the body. 
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Fig. 21—A 205 day foetus with completely piemented black skin and hairs on eye-brows also. 
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Fig. 22—A 240 day foetus with horn spots and hairs starting to grow over the body. 
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Fig. 23—A 290 day foetus with horn buttons and sparsely hair coated. 
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Fig. 24—A day old calf normally born after a gestation period of 309 days. 
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Fig. 25—A graphical representation showing the rate of prenatal development in buffalo. 


THE STRUCTURE AND DEVELOPMENT ‘OF SEEDS 
IN CONVOLVULACEAE : IPOMOEA SPECIES 


J. S. Jos 
Department of Botany, B. R. College, Agra. 


The genus Ipomoea belongs to the family Convolvulaceae which is repre- 
sented in India by 15 genera and 146 species (Hooker, 1883). The genus Ipomoea 
is of much interest because of its economical and horticultural importance. 
In the family the genus Cuscuta has received comparatively more attention from 
earlier times from various workers because of its parasitic nature and undiffer- 
entiated embryo (Peters, 1908; Fédortschuk, 1931; Johri and Nand, 1934; 
Smith 1934; Finn, 1937; Tiagi, 1951; Johri and Tiagi, 1952). Though diffe- 
rent workers (Kenyan, 1929; Juliano, 1935; Tiwari, 1936; Rao, 1940; Woodcock, 
1942; Sripleng and Smith, 1960) have contributed to the knowledge of embryo- 
geny of the different genera belonging to Convolvulaceae, the literature on the 
seed structure of the genus Ipomoea is rather scanty. 


The present work has been undertaken at the suggestion of Dr. R. P. 
Singh, Associate Professor of Botany, B. R. College, Agra to evaluate and com- 
pare the seed structure in two species of Ipomoea namely 1. pes-tigridis Linn. and 
I. aquatica Forsk with the seed structure of other genera of the same family, 
particularly on the basis of seed coat anatomy. The former species dominates 
the waste places in the rainy season while the latter is a hydrophyte. The 
present study also includes a reinvestigation of the embryogeny of I. pes-tigridis. 


. MATERIALS AND METHODS 


The flowers were collected locally early in the morning and late in the 
evening. The sepals, petals and stamens were removed before fixing in formalin- 
acetic-alcohol. The mature ovules were dissected out and an incision was 
made on the side to facilitate easy infiltration. Some difficulty was experi- * 
enced during infiltration due to the thick walled palisade sclerenchymatous 
layers in the mature ovules. The material was run through ethyl alcohol- 
xylol series and embedded. in paraffin. Transverse and longitudinal sections 
of ovules and young buds were cut 8-15 microns thick, To get the complete 
picture of the seed co1t anatomy sections in oblique planes were also obtained. 
The sections were stained in Heidenhains iron-haematoxylin and counter- 
stained with fast green or safranin-fast green combination was used and the 
latter turned to be more satisfactory for this study. Mature embryo sacs and 
young embryos were dissected out under the binocular. Jeffrey’s maceration 


technique was also employed to study the seed- coat structure of mature 
seeds. | 
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g OBSERVATIONS 


-— 


Ovule : 


Flowers of both the species (I. pes- -tigridis and I. aquatica) have pentame- 
rous flowers (Fig. 1) with a 3 or 4 loculed gynoecium having 1 or 2 ovules in 
each loculus, a globose ovary and a long style with two lobed papillose stigmas. 
The ovules are more or less bisal and develop from an axile placenta. The 
nucellar primordia arise as protruberances on the placenta and are erectin 
the beginning but soon become inverted (Fig. 2). They are tenuinucellate 
and unitegmic. The integumentary primordium is initiated at the bottom of 
the ovule and later it grows beyond the nucellus forming a distinct micropyle.. 
Woodcock (1942) failed to distinguish between the integument and nucellus 
in 7. rubro-caerulea and considered that the micropyle is formed owing to an 
invagination of the ovule next to the funiculus. This observation, however, 
was refuted by Maheshwari (1944) in view of reports of Kenyan (1929), 
Juliano (1935) and Rao (1940). In both the species studied by the present 
author the micropyle is quite distinct and the nucellus disappears at an early 
stage. 


There isa short funicle through which the vascular trace enters and 
travels up the funicle, reaches the chalaza and descends on the other side of 
the ovule to terminate near the micropylar end of the ovule (Fig. 3). Integu- 
mentary vascular bundles have been reported in several families of angio- 
sperms (Maheshwari, 1950) but the extension of vascular trace beyond the 
chalaza to reach almost the micropylar tip as in this case-seems to be noteworthy. 
Smith (1934) reported a similar extension of tracheids beyond the chalaza in 
the young ovules of Cuscuta arvensis and considered itas a very unusual feature 
for angiosperm. 


The integument shows an. epidermis made up of rectangular cells with 
prominent nuclei. -A single layer of hypodermal cells are present beneath the 
epidermis. The hypodermis is followed by about 15 layers of parenchymatous 
cells and they divide quite often and at the mature embryo sac stage there 
are about 25 to 30 layers -of parenchymatous cells. They grade in size from 
small cells near the periphery to larger cells towardsthe embryo sac (Fig. 4). 
The parenchymatous cells contain starch grains and they are absent in the 
epidermis, hypodermis and the cells bordering the embryo sac. Mac. Pherson 
(1921) stated that the cells of the nucellus are rich in starch but Dahlgren 
(1927) pointed out that these cells may belong to the integument. From the 
present study, it is quite evident that the starch grains are present in the cells 
of the integument and the nucellus is ephemeral. The cells which border the 
mature embryo sac are in a demolished condition. The structure of the 
integument is quite uniform and no difference is noted between the sides and 
the region in between the hilum and the micropyle. 
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Megasporogenesis and female gametophyle: 


The megaspore mother cell is present diréctly beneath the epidermis. It 
divides meiotically to form’ a linear tetrad of megaspores in which the 
chalazal one functions and the other 3 degenerate. Rao (1940) has reported 
the presence of parietal cells in J. learii, while Peters (1908) has reported the ` 
same in the nucellus of the ovules of Convolvulus arvénsis and Cuscuta, but it was . 
questioned by Dahlgren (1927). Mathur (1934) confirmed the observation. of. 
Peters (1908) on Convolvulus arvensis. Parietal cells are not observed in the 
present study, 2 


"The female: gametophyte is 8 nucleate. The antipodals are ephemeral 
and disappear at an early stage (Fig. 5). In Convolvulaceae the female game- 
tophyte is monosporic 8 nucleate (Rao, K. V. R. 1910; Rao, V. S. 1944; Tiagi, ' 
1951; Sripleng and Smith, 1960) with the only exception of Cuscuta reflexa . 
where the female gametophyte is reported to be bisporic 8 nucleate (Johri and 
Nand, 1934; Johri and Tiagi, 1952). 


The mature embryo sac is narrow, erect and extends almost throughout 
the length of the ovule, but at globular embryo stage the embryo sac is deeply 
two lobed at the bottom and narrower at the micropylar end (Fig. 6). Juliano 
(1927) observed long, narrow and curved embryo sac in I. trifida, Cuscuta 
Gronovii and Convolvulus sepium and considered that this type is typical to Convol- 
vulaceae. Later workers did not mention any such type and in the present 
study also the embryo sac is found to be erect. "Therefore, his conclusion seems 
to be doubtful. | 


In I, pes-tigridis the two synergids are somewhat pointed towards the 
micropylar end. Hook synergids are reported in 8 other species of Ipomoea, 
Argyreia speciosa and Evolvulus alsinoides by Rao (1940), I. pulchella, Operculina 
turpethum and FJacquemontia violacea by Rao (1944) and in two species of Cuscuta 
by Tiagi (1951). In J. aquatica the egg and-the two synergids are highly infia- 
ted and vacuolated (Fig. 7). In both the species the polar nuclei lie side by 
side and they do not fuse till the entrance of the pollen tube. 


The cells of the placenta just around the funicle on the innerside begin to 
divide and fill up the space between the carpellary wall and the micropylar 
region of the ovule. The micropyle is very closely appressed with the obtur- 
ator. The obturator is not observed in the young ovules and develops only at 
a later stage (Fig. 8). 


Pollination and fertilisation : 


‘One of the synergids is destroyed by the entrance of the pollen tube but 
the second synergid persists for a longer period. In an ovule of I. pes-tigridis 
two pollen tubes are noted and one of them shows two nuclei, They may be 
the male gametes of the second pollen tube. The actual fusion of the egg nuc- 
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leus with the male gamete is not observed in the present study. The two 
polar nuclei and the second male gamete fuse almost simultaneously. 


Endosperm : 


The division of the primary endosperm nucleus and that of the 
. zygote occurs almost at the same time. Since the earlier divisions are not 
accompanied by wall formation, the endosperm is free nuclear. Later the 
wall formation is initiated at the micropylar end from where it proceeds 
towards the chalaza. 

Embryo : , 

The first division of the oospore is transverse (Fig. 9) to form a terminal 
cell (ca) towards the chalazal end and a basal cell (cb) towards the micro- 
pylar end. The two cells are quite unequal and the basal cell is much 
more bigger than the terminal cell. The basal cell may ` divide immedi- 
ately by a longitudinal wall (Fig. 11) or it may divide only after the termi- 
nal cell has undergone a few divisions (Fig. 16). The embryo proper is 
derived from the terminal cell. The terminal cell divides transversely to 
form l' towards the basal cell and 1 towards the chalaza. The cell 1 
which has a terminal position divides by a transverse wall while the cell 1' 
. which has a subterminal position divides only longitudinally. This sequ- 
ance of transverse and longitudinal divisions of the cells having ~ terminal 
and subterminal position is long maintained in the development of the 
embryo (Figs. 10-19). The pattern of embryogeny observed in the present 
study closely resembles that observed by Rao (1940). 

Some variation in the development of the proembryo is also observed 
in I, pes-tigridis. In one case a  3-celled proembryo shows that the basal 
cell and the other two cells formed from the terminal cell are alike in 
size (Fig. 20). In three instances 6-celled embryo shows a linear arrange- 
ment of their cells (Figs. 21-23). This type of linear embryo might have 
arisen from the type of embryo shown in Fig. 20 in which the basal cell 

and the other two cells derived from the terminal cell look alike. In later 
stages linear embryos are not seen. Such alinear 6-celled proembryo, by 
longitudinal divisions in the cells derived from the terminal cell, and radial 
and longitudinal divisions in the cells derived from the basal cell can give 
rise to a condition similar to that shown in Fig. 17. 


The basal cell forms a very massive suspensor. The suspensor is some- 
what globular in I. pes-tigridis while almost pyramidal in shape in 
I. aquatica, Rao (1940) has also reported that the suspensor in JI. learii 
is pyramidal in shape while globular in J. hederacea. In lI. aquatica the sus- 
pensor is more massive than in I. pes-itgridis. | 


i 
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In later stages each- cotyledon is two lobed and the cells of the coty- 
ledons are not homogeneous. Among ordinary compact parenchymatous 
cells other cells having enormously big size with prominent nuclei .are 
present. The cells contain numerous starch granules except that large 
cells, In J. pes-tigridis the cells of the mature folded cotyledons contain 
calcium oxalate crystals and the folding of the cotyledons may be due to 
the lack of available space. 


Seed Coal: 


Before fertilisation the integument is composed of uniform cell but 
soon after fertilisation rapid changes occur in the micropylar region. In 
this region the cells of the epidermis and hypodermis begin to divide and 
the number of cell layers is thereby increased, The epidermis divides - to 
form about 4 or 5 layers of parenchymatous cells and the hypodermis gives 
rise to two layers of cells which become radially elongated to form the pali- 
sade layer of the seed coat. The cells of the outer palisade layer divide only 
once, so that there are only two layers of palisade cells towards outside 
while the cells of the inner palisade layer undergo more divisions, so 
that there are 3 cells in each row. Finally the cells of both the palisade 
layers become thick walled and sclerenchymatous -(Figs, 25-27). 


In other regions after fertilisation only the subhypodermal cells divide 
to increase the thickness of the integument, -Itis only after the initiation of 
the cotyledonary primordia that the cells of the hypodermis undergo peri- 
clinal divisions to form two layers. The cells of the outer layer do not show 
any conspicuous change while the cells of the inner layer undergo radial 
elongation to form the palisade layer of the seed coat. -ach’palisade cell 


- may divide to form 2 or 3 radially elongated cells (Figs. 28-32), The 


palisade cells become thickwalled and sclerenchymatous and are in direct 
continuation with the palisade sclerenchyma of the micropylar region. 
Some epidermal cells develop into unicellular, elongated hairs. At later 
stages the parenchymatous cells are reduced to about 10 layers due to the 
increase in size of the embryo sac, 


The cells inner to palisade layer are thinwalled parenchymatous cells and 
contain starch grains in the outer layers only. In the fully mature seed only 
2 to 3 layers of parenchymatous cells are left. Later the epidermis and 
hypodermal layer may peel off leaving the palisade sclerenchyma as the outer- 
most layer of the seed coat. 


Woodcock (1942) described briefly the seed coat of I. rubrocaerulea. . He 
has reported a single layer of palisade sclerenchyma and the presence of blunt, 
one-celled epidermal hairs on the surface and thick-walled epidermis. While 


Juliano (1935) found two layers of palisade sclerenchyma in which the outer 


is more elongated than the innerin J. batatas. Two layers of palisade scleren- 
chyma are reported by Tigai (1951) in Cuscuta hyalina and C. planiflora and 
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by Johri and Tiagi (1952) in C, reflexa. In Convoloulus arvensis the work of 
Sripleng and Smith (1960) revealed that the palisade sclerenchyma on sides 
may be 1, 2 or 3 layers depending upon the sequence of anticlinal and peri- 
clinal divisions. Both the species under the present investigation show 2 or 3 
palisade sclerenchymatous layers on the sides and about 5 layers in the 
micropylar region, In the micropylar region of I. pes-tigridis and I. aquatica 
between the epidermis and the palisade sclerenchyma there are 4 layers of 
parenchymatous cells. Sripleng and Smith (1960) celled these layers as 
multiple epidermis while describing the seed coat of Conpolvulus arvensis. In 
Cuscuta and the epidermal cells are thin walled and contain starch. In 
I. pes-tigridis and I. aquatica also the epidermal cells are thin walled and starch 
ig absent and the epidermal hairs one-celled and pointed. From seed coat 
anatomy it is quite evident that almost all the different genera of Convolvula- 
ceae possess strikingly the same structure and the seed coat anatomy should 
be considered as a anny character rather than that of a genus or a species 


character. 


Abnormalities : 
` 

In one, of the dissected ovules two embryo sacs are noted in an ovüle 

of I. pes-tigridis. A similar observation was made again in serial sections in 


which each of the two embryo sacs had two synergids, an egg and two Se 


nuclei. 


A 3-celled proembryo is observed inside an unopened bud of 7. fes- 
tigridis and in the micropyle of this ovule a pollen tube is also present. The 
presence of pollen tube in the micropyle indicates that anthesis has already 
taken place in the bud condition and self-pollination was effected. Since 


the plant flowers in the rainy season, the self-pollination in the closed buds ' 


may pe an adaptation. 


ds fully developed embryos along with an aborted 3-celled embryo 
was found in an ovule of I. pes-tigridis (Fig, 24). 


DISGUSSION 


The present study has revealed several features of interest like the 
occurrence of twin ‘embryo sacs, two types of embryo development, polyem- 
bryony and cleistogamy. | 


The occurrence of the second embryo sac in the same ovule is of much 


interest in view of the occurrence of polyembryony in certain species of . 


Convolvulaceae, In J. pes-tigridis two ovules are noted with two embryo 
sacs in each. In the present study serial sections clearly show two synergids, 
an agg and two polar nuclei in each embryo sac. In Cuscula reflexa, Johri 
and Tiagi (1952) considered that if two megaspore mother cells function 
simultaneously in the same nucellus, they can give rise to two embryo sacs; 


\ 
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and in case the wall disappears all the nuclei come together and organise in 
a different way. _ 


In one well developed ovule of I. pes-tigridis two fully developed embryos 
with an aborted 3-celled embryo are noted. Macpherson (1921) reported 
numerous instances of polyembryony in Convolvulus sepium. In Cuscuta reflexa 
polyembryony is observed sometimes, the additional embryo being derived from 
‘one of the synergids (Johri and Tiagi, 1952). But Sripleng and Smith (1960) 
deny the occurrence of polyembryony in Convoloulus arvensis. In I. pes-tigridis 
the two fully developed embryo might have developed from the two eggs of 
two different embryo sacs and the wall disappears between the two embryo 
sacs, so that in later stages it appears as though both embryos occur in the 
same embryo sac. The origin of the aborted 3 celled embryo is dbubtful 
but the position indicates that it might have arisen from one of the synergids. 


In the present study on I. pes-tigridis two distinct types of embryo 
development seem to take place. One type belongs to the pattern described 
by Rao (1940). Regarding the second type 3 proembryos are found which 
differ radically from the first type. The proembryos are 6-celled and the 
cells are linearly arranged and later it seems that they develop into normal 
embryos.. Two types of embryo development are also described for Cuscuta 
(Fedortschuk, 1931; Tiagi, 1951; Johri and Tiagi, 1952) but they differ only in 
the nature of their suspensor cells. Rao (1940) observed a. 7-celled filamentous 
embryo in Evoloulus alsinoides. Tiwari (1936) cited a 6-celled suspensor in 
E. numularis and from the end cell of which the embryo is described to have 
organised. 


Johansen (1950) includes J. hederacea, I. learii and Argyreia speciosa in 
Caryophyllad type, Myriophyllum variation where the basal cell divides 
to form two juxtaposed inflated cells, But in I. pes-tigridis and: I. aquatica 
itis quite evident that the basal cell by repeated divisions forms a massive 
suspensor. So it seems logical to include these two species in Caryophyllad 
type, Fumaria variation as described by Johansen (1950). 


SUMMARY 


P 
The pentamerous flower has: a. gynoecium of 3 or 4 chambers and each 


loculus shows one or two ovules attached on the axile placenta. 


The unitegmic, tenuinucellate ovule is anatropous. The placenta prolife- 
rates at the base of each ovule to form an obturator which lies in close proxi- 
mity with the micropyle. The vascular supply to the ovule extends nearly 
upto the tip of the integument. 


In young ovules the embryo sac js narrow and elongated but in later 
stages it becomes two lobed towards the chalazal side. In I. pes-tigridis some- 
times two embryo sacs are present. 
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Double fertilisation occurs. The fusion of the egg nucleus with the male 
- gamete occurs almost simultaneously with the Fusion of the polar nuclei and 
the second male gamete. 


Synergids are pointed towards the micropylar end. In J. aquatica the 
synergids and the egg are extremely large in size and much vacuolated. By 
.the entrance of pollen tube one synergid is destroyed but the other persists for 
sometime. | 


The zygote and the primary endosperm nucleus divide at about the same, 
The endosperm is free nuclear but later becomes cellular and the walls are 
laid down at the micropylar end first and proceeds to the chalazal end. 


First division of zygote is transverse. The basal cell forms the massive 
suspensor while the terminal cell organises the embryo proper. The embryo- 
geny follows that of Caryophyllad type, Fumaria variation. In JI. pes-tigridis 
linearly arranged 6-celled proembryo is noted in three cases. In one instance 
a 3-celled embryo is noted inside a bud where the petals have not opened 
and a pollen tube is present in the micropyle. In the same species polyem- 
bryony also occurs. 


The cotyledons are folded and certain cells contain calciutn oxalate 
crystals. ya 
E | 

The seed coat consists of epidermis and hypodermis and two or three 
layers of thick walled palisade sclerenchymatous cells, but in the micropylar 
region 5 layers of radially stretched cells are present. There are only about 
10 layers of parenchymatous cells and others are “consumed by the embryo. 
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PLATE 1 


Figs. 1-3. Twig and ovule of Jf. pes-tigridis (EMB, embryo; EMS, embryo 
sac; END, nuclear endosperm; INP, ne primordium; INT, 
ini gun «nt. MMC, megaspore mother cell; VST, vascular trace). 

Fig. 1. Twig (natural size) 

Fig. 2. Young anatropous ovule. X 420 

Fig. 3. Vascular supply of the ovule. X 210. 


~ 
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PLATE 2 


Figs. 4-6 and 8-16. J. pena Fig. 7. I. aquatica (Ca, terminal cell; Cb, 
basal cell; CEN, cellular endosperm; COT, cotyledon; EMS, embryo sac; 
EPI, epidermis; FUN, funicle; HYP, hypodermis; MIC, microphyle; NUC, 
nucleus; OBT, obturator; PAR, parenchymatous cells; PLN, polar nuclei; 
STG, starch grains; SUS, suspensor; SYG, synergids). 


Fig. 4. L.S. of integument of young ovule. X 420. 

Fig. 5. Embryo sac. X420. 

Fig. 6. Two lobed embryo sac X 420. | 

Fig. 7. Embryo sac showing vacuolated synergids and egg. X 125. 
Fig. 8. Ovule with obturator. X 125. 

Fig. 9. Embryogeny. X 525. 
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PLATE 3 


Figs. 1-24. I. pes-tigridis (AEM, aborted embryo; Cb, basal cell; EMB, 
embryo; EMS, embryo sac; END, nuclear endosperm; SUS, suspensor). 
Figs. 1-18. Embryogeny. X 525. 
Fig. 19. Globular embryo with suspensor. X. 40. 
Fig. 20. S-celled embryo where all the cells are alike in size. X 525. 
Figs. 21-23. Linear 6-celled embryos. X 525. 

. Fig. 24. Polyembryony. X 120, 
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^ PLATE 4 

. Figs. 25-28. I. pes-tigridis (EPI, epidermis; IPL, inner palisade sclerenchyma; 

NUG, nucleus; OPL, outer palisade sclerenchyma; PAR, parenchymatous 

cells; PSC, palisade sclerenchyma; STG, starch grains). 

Figs. 25-27. L, S. of seed showing seed coat development at the micropylar 

region. Figs. 25 and 26, X 420; Fig. 27. X 125. i , 
Fig. 28, L. S. of young seed showing seed coat structure at the sides. X 420, 
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PLATE 5 | 
Figs. 29-32. I. pes-tigridis (EPH, epidermal hair; EPI, epidermis; IHY, inner 
hypodermis; NUC, nucleus; OHY, outer hypodermis; PAR, parenchymatous 
cells; PSC, palisade sclerenchyma; STG, starch grains). : 
. Figs. 29-32. L. S. of older seed coat development at the sides, X 420. 
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EFFECT OF SOIL TEMPERATURE ON ROOT-ROT OF GUAR 
(CYAMOPSIS PSORALIOIDES DC.) AND WILT OF GRAM (CICER 
ARIETINUM L.) CAUSED BY SCLEROTIUM ROLFSII SACC.! 


. S. B. Maruur* 
Botany Department, Agra College, Agra. 


INTRODUGTION 


Pioneer work on the effect of soil temperature on disease development 
was conducted by Jones and his collaborators (1926) at the University of 
Wisconsin. The Wisconsin School developed the well known soil temperature 
tanks for study under controlled temperatures. Such experiments were 
supplemented by the determination of cardinal temperatures for the growth 
ofthe parasite in pure culture, which were often found closely corresponding 
with temperatures favouring optimum disease development. On the basis of 
the reaction to soil temperature, Garrett (1944) grouped the soil-borne diseases 
into categories as favoured by (a) low temperature or (b) high temperature. 


This paper deals with the study on the influence of temperature on the 
development of root-rot of guar (Cyamopsis psoralioides DC.) and wilt of gram 
Cicer arietinum L.) and also on the vegetative growth of Sclerotium rolfsu Sacc. 
which is the causal organism. 


METHOD AND MATERIAL 


The influence of seven temperatures viz., 15°, 20°, 250, 30°, 340, 380 and 
429°C on the linear spread of Sclerotium rolfsii cultured in standard Czapek’s 
medium (Rawlins 1933) was determined. Five replications were maintained 
for each treatment. Growth was measured as mean of two diameters of a 
colony. The data on total growth on the seventh day was subjected to 
statistical analysis, critical difference (C. D.) being calculated following the 
analysis of variance method. 


Glazed aluminium tumblers (10’ x 5”) filled with acid washed Chambal? 
sand were used to raise the seedlings and were fitted in soil temperature 
tanks (+20C) designed after those of Wisconsin. The various temperatures 
maintained were 209, 250, 30°, 340, 389 and 429 C. The pots were irrigated 
with equal amounts of modified ‘Shive three salt nutrient solution 
(CaNO,-2:22 gms, MgSO,-l:12 gms and KH,PO,-0°66 gms in one litre 
of tap water) at suitable intervals. The inoculum of the pathogen was 
raised on autoclaved corn-meal sand medium and equal quantities of the 





1 A part of the Thesis approved for the Ph. D. degree of Agra DNE Agra. 

2 Name of a river in India which deposits sand which is neutral. — 

* Present address—Research Associate in Plant Pathology, Mecdonald College of Megill 
University, Deptt. of Entomology & Plant Pathology, P. Q. Canada. 
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same were mixed thoroughly with the sand of the experimental pots seven 
days before sowing. Five seeds were sown in each pot. For.each treatment, 
5 inoculated and l uninoculated (as control) pots were kept. Observations 
on pre-émergence mortality (includes rotting of seeds and infection of young 
seedlings before emergence) and post-emergence seedling mortality for a 
period of 44 days were taken at an interval of 4 days. In control pots, the 
seedlings remained healthy throughout the period of investigation in all the 
treatments under observation. Critical differences were calculated for total 
percentage mortality (pre and post-emergence mortality together). 


RESULTS 


TABLE I 


Í 


Showing total vegetative growth of S. ROLFSII on Czapek’s Medium 
| Average colony diameter n millimeters. 


(Mean of 5 replications) 





Temperature in Degree Centigrade | | 
C. D. at 





15 20. 25 30 34 38 42 5% level 
31:8. 460 870 1053 59.8 26:2 102 16:13 





The above table indicates that the parasite can grow at all the tempe- 
.ratures under study. The linear growth. increases with rise in temperature from 
15°C onward and is maximum at 309 C, but further increase in temperature 
reduces the same. Inthe order of their effectiveness favouring growth the 
various temperatures can be arranged as: 309€ (105:3 mms) «259C 
(87.0 mms) «7349€ (59:8 mms) «7209€ (46:0 mms) 15°C (318 8 mms) 
«389€ (26:2 mms) < 42°C a 2 mms). | 


The data included in Table 1 show that there are six groupings of 
temperatures on the basis of critical difference. 


420C 380C 15°C 200C 340C 250C 300C 
10-2 26:2 31-8 46.0 59-8 870 - 1053 
Q. D. 16:13 


The above grouping clearly indicates the independent behaviour of 


the fungus at 25° and 30°C while other observed temperatures have a 
tendency for intermixing as shown above. 
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Roor-Ror OF GUAR 
TABLE 2 


Showing percentage emergence of seedlings and percentage pre-emergence mortality in guar. 





- Emergence of seedlings | 





Temperature — | | B — 
| ‘img -` Control Infested mortality 
| “series series 
| 25 | 100 — "6 ve 
30 100 80 "P 5 
34 | | 100 | 96 4 
38 100 | 96 l 4 
a 100 100 0 





The lowering in emergence of ‘seedlings in the infested pots was found 
to be due to the attack of the parasite which was isolated invariably from 
all those seeds that did not germinate. The parasitic activity of the parasite 
was most severe at 25°C and 30°C, the actual mortality figures being 24 and 
20% respectively; it decreased considerably at high temperatures. 


TABLE 3 


Showing progressive post-emergence percentage seedling mortality 
in Guar at various temperatures. 














Days ‘Temperature in Degree Centigrade 
after a 
— 20 | 25 | . 90. | 34 | 38 ` | 49 
4 ^ 00 . 0:0 0-0 |. 0-0 0:0 0*0 
8 0-0 - 0-0 0-0 - 40 0-0 4-0 
12 0-0 | 0:0 0'0 8:0 0:0 | 40 


(Continued on page 264) 
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TABLE 3 (Conid.) 





Days | Temperature in Degree Centigrade 
after | | 
sowing 
20 25 30 34 38 42 
16 - 0*0 0:0. 4-0 16-0 4*0 40 
20 |J 80 8:0 28:0 20-0 8-0 40. 
24 | (120 | 160 | 320 28:0 12-0 | 40 
28 12:0 20-0 40-0 32-0 16:0 40 
32 12:0 20-0 48:0 32-0 16:0 40 
36 12:0 24-0 48:0 32:0 | 160 | 40 
40 = J20 32:0 52-0 | 320 16-0 4-0 
44 12-0 32-0 52.0 32-0 16:0 4-0 





Table 3 reveals that the total post-emergence mortality increases 
progressively with rise in temperature from 20° C to 300 C where a maximum 
value of 52% is reached but further increase in temperature lowers the 
same. It is interesting to note that the seedling mortality (32%) was the 
same at 25° € and 34° C. | 


TABLE 4 


Showing total percentage mortality in Guar. 
(Average of 5 pots, each with 5 seeds) 





Temperature in Degree Centigrade 





C. D. at 
| = . 5% Level 
20 25 | 30 n 38 | 42 ° 
24°0 | 56°0 | 79-0. | 36-0 | 20-0 | 4:0 | 18:5 





The above table indicates that the total percentage mortality is 
maximum at 30% Cand it decreases with increase or decrease in temperature, 
more so in the higher ranges. Further, the difference in mortality figures 
between 20°, 349 and 389 C; 389 and 42° Gand 25%and 30° C are 
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Statistically non-significant (because the differences in between them are 
less than the C. D. which is 18:5). The six temperatures employed are 
grouped below: 








4»0 — 30 ^ 20 340 G 259 C 30» C 
40 200 24-0 360 56-0 72-0 
Q. D. is 18:5 


The above grouping oftemperatures, on statistical basis, clearly indicates 
that the temperature range of 259-309 C favours disease development the 


most. 
Witt OF GRAM 


TABLE 5 


Showing percentage emergence of seedlings and also percentage 
pre-emergence of mortality in gram. 


MCCC EE GG Pss Re dS ARR 


Emergence of seedlings 








Temperature Pre-emergence 
| in °G mortality 

Control Infested 
series series 

20 100 - 92 8 

25 100 96 4 

30 100 76 24 

34 100 100 0 

28 100 100 0 


Note—Temperature 42°C was not taken as germination of gram was not normal in 
the control pots. 


It is evident from: Table 5 that pre-emergence mortality in the infested 
pots was 8, 4 and 24% at 20°C, 25° C and 30° C respectively. Thus parasitic 
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activity of the fungus was most severe at 30°C and no pre-emergence infection 
was noted. at 34° and 38° C. | 


TABLE 6 


Showing progressive post-emergence seedling mortality in Gram. 





| Temperature in Degree Centigrade 
Days 


after NN 
sowing | 
20 | 25 30 34 | 38 
4 0:0 0:0 0-0 0:0 0:0 
8 0:0 0:0 - 4:0 0:0 | 0:0 
12 0:0. 20:0 28:0 l 8:0 0-0 
16 16-0 24-0 32:0 12:0 40 
20 20:0 40-0 40:0 16-0 8'0 
24 24:0 48-0 60:0 20-0 12:0 
28 28:0 48:0 60:0 20-0 12:0 
32 28:0 52:0 60.0 20-0 12-0 
36 28:0 92:0 60:0 20'0 12:0 
40 28-0 22:0 . 60:0 20:0 12:0 
44 200 52:0 60:0 20:0 12:0 


The pathogen showed positive infection of seedlings at -all the 
temperatures under study. The total post-emergence seedling mortality 
was 28% at 200 (,52% at 25° C and reached the maximum value of 
60% at 30° C, but further increase in temperature resulted in considerable 
fallin mortality (Table 6). It is also clear from the above table that most 
of the seedlings wilted in early part of the experiment, between 12-24 days, 
giving indications thereby that young seedlings are more susceptible to the 
attack of the parasite than the relatively old ones. 
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TABLE 7 | 


Showing total percentage mortality. in Gram. 
(Average of 5 pots, each with 5 seeds) 






"Temperature in Degree Centigrade 








C.D, at 
5% level 
20 | 25 | 30 | 34 | 38 
36-0 | 96'0 | 84:0 | 20:0 | 12:0 | 2951 








The above table clearly indicates that the total percentage mortality 
(pre and post-emergence together) increases from 36% at 209 C to 56% at 
299 C and aquires the maximum value of 84% at 309 C, but at still higher 
temperature ranges a sharp fall is observed. The various temperatures 
are arranged below in three groups in the sequence of their effectiveness 
on total percentage mortality. - i | i 








38°C 34°C 20°C, 25°C 30°C 
12°0 20'0 36:0 | 56-0 84:0 
C. D. is 2511 


From the above grouping it is clear that there is no significant difference 
in total percentage mortality caused at 38°, 340 and 209 C. Similar is the 
case at 200 and 259 C. At 300 C the mortality percentage is maximum and 
differs significantly from the other two groups. 


DISCUSSION 


The influence of temperature on growth of Sclerotium rolfsii has been 
studied earlier by others both on natural and artificial media, but the same 
was repeated here primarily to see whether any direct relationship exists 
between the growth of the parasite and the disease development in guar and 
gram. Higgins (1927) found 30°-35° Ci to be the optimum temperature range 
for the growth of the parasite; while Chowdhary (1948) recorded 28° C as 
` the optimum temperature for its growth in case of sclerotial wilt of betel 
(Piper betle). Linear growth on agar medium was most rapid at 30° C 
(Abeygunawardena and Wood 1957). In the present investigation, the growth 
of the fungus was studied in Czapek’s medium at temperatures ranging from 
150 to 420G and it was found that the maximum growth (colony diameter— 
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105:3 mms) occurred at 309 C. The next lower favourable temperature was 
25°C. Thus the observations on growth are in conformity with the findings of 
earlier workers, 


It is evident from the results that 259-309 G is the optimum range for 
root-rot development in guar and 30°C for maximum wilt development in 
gram, These observations directly correspond with the growth of the 
parasite (Sclerotium rolfsii) in culture. Similar observations were made by 
Clayton (1923) in wilt of tomato; Jones and Tisdale (1922) in-wilt of flax; 
Chowdhary- (1948) in wilt of betel; Fisher and Noll (1942) in root-rot of 
oak and Gupta (1959) in foot-rot of coriander. The relationship of soil 
temperature and disease development in guar corresponds generally with 
the geographical distribution of the disease so far as is known; the disease 
is prevalent in regions like Western U. P. in India, and Texas, Arizona 
and Georgia in U. S. A. (Singh 1951, Brooks and Harvey 1950, Streets 1948 


and Luttrell 1951) which are all characterised by a warm summer when 
the disease is common. 


Comparing the results obtained in root-rot of guar and wilt of gram, 
itis observed that in both the diseases the percentage emergence of 
seedlings in the infested pots was lowered as a result of parasitic activity 
of the fungus in nearly all the soil temperatures studied. In root-rot of | 
guar, maximum pre-emergence infection of 24% was noted at 25° C and 
nearly the same (20%) at 30°C. In wilt of gram, 24% infection was 
recorded at 30° C; while only 4% at 25° C. The trends observed for 
post-emergence percentage mortality in the two diseases was almost identical, 
mortality increasing with rise in temperature from 209 to 80°C, but” 
declines with further rise in soil temperature. It was maximum at 309 C 
both in guar (52%) and gram (60%). The: total percentage mortality 
(pre and post-emergence together) was maximum (72%) at 30° C in root- 
rotof guar but this did not differ significantly with the mortality figure 
(5695) at 259 C. In wilt of gram, the total mortality was maximum (84%) 
at 309 C, differing significantly with the mortality at 25°C. This clearly 
shows that gram is relatively more susceptible than guar to the attack of 
S. rolfsii under similar conditions of soil temperature. 
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INCIDENCE OF FUSARIUM WILT OF GRAM (CICER ARIETINUM L.) 
IN RELATION TO SOIL MOISTURE* 


S. K. CHAUHAN 
Botany Department, Agra College, Agra. 


Soil moisture has been found to be an important factor in relation to 
soil borne diseases. Garrett (1944) has complied a data on the effect of soil 
moisture on soil brone diseases showing thatsome diseases may be favoured 
by low soil moisture while others by high moisture values. Subramanian 
(1950) working on the wilt of cotton in India, showed that this disease is 
favoured by high soil moisture; 


The present paper deals with the effect of soil moisture on the incidence 
of wilt of gram (Cicer arietinum L. } caused by Fusarium orthoceras App. & Wr. 
var. cicert Padwick, 


MATERIAL AND METHOD 


A series of pot-culture experiments was conducted to observe the effect 
of four different soil moisture levels on the incidence of disease. The moisture 
levels maintained being 10, 15, 20 and 25%; well within the water-holding 
capacity of the soil which was determined following Keen-Raczkowski’s method 
as outlined by Piper (1944). 


Having determined the water-holding capacity of the soil (39.1%), the 
various moisture levels were maintained throughout the experimentation by 
adding required amount of water each day in pre-weighed glazed metal pots 
together with weighed amount of soil. 6 lbs. of garden soil of which the 
water-holding capacity was previously determined was filled in each of the pot 
of the experiment series. 


The soil was infested with the pathogen in the usual way. In the con- 
trol series the soil was not infested. Three days after inoculating the soil, five 
seeds of gram were sown in each pot. The pots were keptin a glasshouse. 
Six replications of pots were maintained throughout for each treatment and 
its control. When wilting was noticed the number of plants affected on each 
day was recorded separately for each pot and its treatment. The fungus was 
reisolated from the wilted plants to make sure the cause of wilting. In the 
control none of the plants showed any sign of wilting in any of the treatment 
under trial. The figures for the total mortality have been analysed statistically 
and the rate of mortality plotted on a graph for the different treatments. 
Critical difference was calculated as the experiment was significant. 


: * A part of the thesis approved for the Ph. D. degree of the Agra University. 
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RESULTS 


The data of the series dealing with the effect of different levels are 
presented below : _ 


TABLE | 
Showing Percentage Mortality in Different Moisture Levels 


(Figures relate to the average mortality per pot of five plants each) 








10% 15% 20% 25% Critical 
Moisture Moisture Moisture . Moisture Difference 
13:33 . 26.66 ~~ 86.66 83.33 
| 14,717 
208 x 3.61 34035 7 — + 9.08 


O A eae 
l Critical Diference at 5% Level. 


The above table indicates that by keeping the soil moisture low there 
is a significant reduction in the percentage mortality. The order of reduction 
in the percentage mortality being 83.33, 36.66, 26.66 and 13.33 at 25, 20, 15 
and 10 o respectively, On the basis of the anal differences these Hautes 
can be represented as below: | 


10% | — 1576 20% - 25% 
Soil Moisture ` Soil Moisture Soil Moisture Soil Moisture 
13.33 26.66 . 86.66 .. 83.33 


I II : Y 


Further, the progressive percentage of mortality has been shown in the 
graph. It will be seen that in 25% moisture level there is a progressive 
increase in the disease development until the mortality reaches aboye 80%. 
Among the remaining nioisture levels 20%, seems to be more or less favourable, 
the disease development being noticed not long after, seedlings have been 
emerged out and increases progressively until mortality is 36%. A further 
increase is probably limited by some unknown factor and no more mortality 
occurs. In 15% soil moisture the incidence of the disease is late but the mortality 
is progressive until it reaches about 26%, above which it does not increase. In 
10% level of soil moisture, the disease incidence is very late and afterwards 
too, shows no progressive development, the mortality rising for some time and then 
subsiding and rising again to subside in turn indicating an interaction of factors 
which lead.to a ‘very erratic and vaccilating influence on disease development. 
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Graph shows progressive percentage rate of mortality in different soil moisture level. 
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CONCLUSION 


Vascular wilts caused by various species of Fusarium are found to be 
favoured by high soil moisture level. This point thas been supported from time 
to time by several workers (Tharp & Young 1939, Pontis 1940 and Subra- 
Wilt of gram caused by Fusarium orthoceras var. cicert is also 
found to be favoured by high soil moisture contents as seen in the present inve- 
stigation. If the soil moisture level is very high the prevalence of the wilt 
diseases may increase in another way i.e., by flooding dispersal, which fact has 
been pointed out by Wardlaw (1935) in the Pannama disease of Banana. Very 


manian 1950). 


a, 
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high moisture content may also by reducing soil aeration, injure the roots of 
the host plant and finally produce wilting. In the present experiments care 
has been taken that the moisture level may not become so high as to cause 
wilting other-wise than the pathogen. 


SUMMARY 


Influence of four levels of soil moisture, well within the waterholding 
capacity, viz. 10, 15, 20 and 25% (on oven dry weight) was observed on the 
wilt mortality in gram (Cicer arietinum L. ) caused by Fusarium orthoceras App. 
& Wr. var. ciceri Padwick. The figures obtained on final mortality were 
analysed statistically and found to be significant, the C. D. for the figures 
being 14:71. The order of reduction in the percentage mortality being 83.33, ` 
36.66, 26.66 and 13.33 at 25, 20, 15 and 10% soil - moisture levels respectively. 
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STUDIES ON MINERAL AND PROTEIN METABOLISM* 


P. P. KurizN 
Central Food Technological Research Institute, Mysore. 


A summary of the results of investigations carried out for assessing the 
nutritive value of poor Indian diets containing varying amounts of rice and/or 
ragi (Eleusine coracana), jowar (Sorghum vulgare) or bajra (Pennisetum typhoideum) 
by growth experiments in albino rats and by nitrogen, calcium and phosphorus 
metabolism studies in children is given below. 


PART A. GENERAL TRONON 


In the general introduction (Chapter I) a brief account of the available 
data on the chemical composition and nutritive value of cereals and millets 
consumed in India and other parts of the world is given. The proteins of 
cereals and millets are, in general, deficient in lysine and one or more of the 
other essential amino acids. All cereals and millets are low in calcium except 
ragi which is an unusually rich source of this nutrient. Studies on the nutri- 
tive value .of diets based on different cereals and millets have shown that the 
overall growth promoting value of poor diets based on millets like ragi, jowar 
. and bajra is higher than that of poor rice diet. Studies so far carried out on 
the metabolism of nitrogen, calcium and phosphorus in human subjects have 
been confined to diets based on rice and wheat. No investigations have been 
reported in children with diets based on ragi, jowar and bajra. 


‘Part B. INVESTIGATIONS ON Racor AND Raci Drmets 


Part B contains results of investigations undertaken to study the nutritive 
value of poor vegetarian diets containing rice and/or ragi by the rat growth 
method and the metabolism of nitrogen, calcium and. phosphorus in children 
on poor Indian diets containing rice and/or ragi. 


- The introductory Chapter (Chapter IT) is a review of the work done so 
far by various workers on' the chemical Pon and nutritive value of 
ragi and ragi diets. 


$: e,» 
In Chapter III the results of investigations on the chemical composition 
of a few varieties of ragi are presented. 


The distribution of protein, calcium and phosphorus between the husk 
and endosperm was studied. The husk was separated from the grain by a 





* It ig a summary of the Thesis submitted and approved for the Degree of Doctor of 
Philosophy of Agra University, Agra in the year 1961. 
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wet processing technique. The husk accounted for about 13 per cent of the 
grain, and contained about 28 per cent of the total protein, 49 per cent of 
the total calcium and 14 per cent of the total phosphorus present in the 
whole grain. The poor digestibility of the proteins and the low absorption 
of calcium. from ragi diets observed by different workers have been discussed. 


An estimation of the essential amino acid composition of the proteins 
. of ragi by chemical and chromatographic methods showed that ragi proteins 
are deficient in lysine, confirming the observations made by other workers. 


Animal Experiments : 


The nutritive value of poor rice diets wherein rice had been replaced to 
the extent of 25, 50 or 100% by ragi was studied by the rat growth method. 
The results showed that replacement of rice in the poor rice diet by ragi 
even. to the extent of 25 per cent resulted in an increase in the overall 
nutritive value of the diet as judged by the growth of rats. A further increase 
in the ragi content of the diet did not produce any appreciable increase in 
the rate of growth of rats. 


The haemoglobin and R. B. G. contents of the blood of rats fed on 
diets containing 25,50 or 100% of ragi were significantly higher than 
those of rats fed on the rice diet. No significant differences were, however, 
observed in the serum protein levels in the different groups. 


No significant difference was observed in the mean nitrogen content of 
the livers of rats fed on the different diets. The fat content of the livers of 
animals fed on diets containing 25, 50 or 100 per cent ragi was al 
. higher than that of the livers of rats fed on the rice diet. 


Metabolism in Children : 


The effect of partial (25 or 50 per cent) or complete’ replacement of 
rice in the poor rice diet by ragi on the metabolism ofnitrogen, calcium and 
phosphorus in eight children (girls) aged 9-10 years was studied. 


The daily intake of nitrogen by the children was nearly of the same 
order, varying from 4.41 to 4.51 g. (equivalent to about 28 g. of protein) on - 
the different diets. The apparent digestibility coefficients of the protein were 
71, 67, 64 and 53 per cent and the mean daily retentions of nitrogen’ were 
1.48, 1.19, 0.89 and 0.52 g. respectively for the rice diet and the diets in 
which rice had been replaced at 25, 50 or 100% levels by ragi. All the 
subjects were in positive nitrogen balance. l 


l The mean daily intakes of calcium on the different diets were 259, 471, 
693 and 1151 mg. and the retentions were 52, 106, 175 and 226 mg. on the 
„rice diet and the diets containing 25, 50 or 100 per cent levels of ragi. The 

retentions of calcium on the diets containing ragi were «significantly higher 

than those on the rice diet, 
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The mean daily intakes of phosphorus were 464, 577, 680° and 887 mg. 
and the retentions were 117, 165, 125 and 135 mg. respectively on the rice 
diet and the diets containing 25, 50 or 100 per cent levels of ragi. 


‘Replacement of rice in poor rice diet by ragi helped to overcome the 
calcium deficiency of the rice diet, as shown by the growth of rats and reten- 
tion of calcium by children fed with rice-ragi diets. 


PART C. INVESTIGATIONS ON JOWAR AND JowaR DETS 


Part C of the thesis contains the results of investigations on the nutritive 
value of poor vegetarian diets containing rice and/or jowar by the rat growth 


method, and the effect of replacing rice in poor Indian diets by jowar on 
the metabolism of nitrogen, calcium and phosphorus in children. 


The available information on the chemical composition and the nutritive 
value of jowar and jowar diets is reviewed in Chapter VI. 


Chemical Composition of Jowar : 


The chemical composition and the distribution of protein, calcium and 
‘phosphorus between the husk and endosperm of three varieties of jowar were 
determined. A wet processing technique was adopted to separate the husk 
and the germ from the endosperm followed by a gravitational method to 
separate the husk from the germ. The husk accounted for 10.3 per cent of 
the whole grain and contained 17.6 per cent of the total protein, 20.2 per 
cent of the total calcium and 12.7 per cent of the total phosphorus present in 
the whole grain. 


Assay of the essential amino acid composition of jowar proteins by 
chemical and chromatographic methods have confirmed the earlier observations 
that the proteins of jowar are deficient in lysine. 


Animal Experiments :` ` 


The nutritive value of poor vegetarian diets based on rice and/or jowar 
was studied by the rat growth method. Substitution of rice in poor rice 
diet by jowar at 25, 50 or 100 per cent levels did not affect to any significant 
extent the overall nutritive value of the diet as judged by the growth of rats. 


There was no significant difference in the haemoglobin and total serum 
protein content of the blood of rats fed with the different diets. The R.B.C. 
counts of the blood of rats fed on 25 and 50% jowar diets were, however, 
- slightly higher than those of rats fed on the rice diet. 


The average fat content of the liver of rats fed on the different diets fell 
‘within the normal range (3.65-3,95 per cent). The average protein content 
of the livers of the animals fed on 100 per centjowar diet was, however, less 
than those fed on the other diets, 
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Metabolism in Children : 


The effect of replacing rice in a poor Indian diet by jowar to the extent 
of 25, 50 or 100% on the metabolism of nitrogen, calcium and phosphorus 
was studied in seven children (boys) aged 10-11 years: 


The daily intakes of nitrogen by the experimental’ subjects varied Bom 
6.34 to 6.91 g. on the different diets. The apparent digestibility - of the pro- 
teins in the diet decreased with the increase in the amount of jowar in the diet. 
The apparent digestibility of the proteins were 74.7, 69.3, 63.7 and 55.4 per - 
cent and the mean daily retentions were 1.80, 1.55, 1.28 and 0.88 g. respec- 
tively on the rice diet and on the diets in which rice had been replaced by 
25, 50 or 100 per cent of jowar. All the subjects were in positive nitrogen 
balance on all the diets. 


The mean daily calcium intakes were 355, 381,410 and 441 mg. and the 
retentions were 123, 109,.97 and 74 mg. respectively on the rice diet and the 
diets in which rice had been replaced by 25, 50 or 100 per cent of jowar. 
All the ee were in positive calcium balance on the different diets. 


The mean daily intakes of phosphorus were 744, 835,928 and 1091 mg. 
and the retentions were 169, 204, 233 and 309 mg. respectively on the rice diet 
and the diets in which rice had been replaced by 25, 50 or 100 per cent of 
jowar. All the subjects maintained positive phosphorus balance on all the 
different diets. 


The results of these investigations have shown that rice in a poor Indian 
diet can be substituted partially (25% level) by jowar without affecting to a 
significant extent the overall nutritive value of the diet. 


Part D. INVESTIGATIONS ON BAJRA AND BAJRA Diets 


~ 


Investigations similar to those undertaken in the case of ragi and jowar ` 
` were carried out with bajra to study the effect of replacing rice im poor rice 
diet by bajra at different levels (25, 50 or 100% levels) on the growth and 
composition of the blood and liver of rats.and the metabolism of nitrogen, 
calcium and phosphorus in children. These experiments are presented in 
Part D of the thesis. 


A review of the available informations on the chemical composition and 
nutritive value of bajra and bajra diets are presented in the introductory 
chapter (Chapter X). | 


Chemical Composition of Bajra : | 


The chemical composition and the distribution of protein, calcium and 
phosphorus between the husk and endosperm of three different varieties of ` 
bajra were determined. The separation of the husk from the endosperm was 
effected by a wet processing technique. The husk accounted for 11.8-per cent 
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of the whole grain and contained 11.5 per cent of thé total protein, 36.0% of 
the total calcium and 14 per “cent of me total phosphorus present in the 
whole grain. | 


Assay of the essential amino acid composition of the bajra proteins by 
chemical and chromatographic methods have confirmed the earlier observation 
that the proteins of bajra are deficient in lysine. 


Animal Experiments : o | S 


The effect of partial or complete replacement of rice in poor vegetarian 
diet by bajra partially (25 or 50%) or completely, on the growth and 
composition of the blood and liver of rats was studied. The results showed 
that substitution of rice in poor rice diet by bajra resulted in a slight increase 
in the nutr itive value of the diet as judged by the growth of rats. 


There were no significant differences in the Dd R. B. C. and 
the total serum protein contents of the blood of rats fed on the different diets. 


The average fat contents of the livers of rats fed on the different diets 
- were within the normal range. The average protein content of the livers of 
the rats fed on complete bajra diets was significantly less than that. of rats 
fed on the other three diets. i 


Metabolism in Children : 


The effect of replacing 25%, 50% or 100% of the rice in poor rice diets 
by bajra on the metabolism of nitrogen, calcium and phosphorus was studied - 
in eight children (boys) aged 11-12 years. 


The daily intake of nitrogen on the different diets ranged from 6.92 to 
8.67 g. The apparent digestibility coefficients of the proteins were 75, 73, 64 
and 53 per cent. The daily retentions of nitrogen were 2.02, 1.87, 1.49 and. 
1.11 g. respectively on the rice diet and the diets in which rice had been 
replaced to the extent’ of 25, 50 or r 100% by bajra. All the subjects were in 
positive nitrogen balance. 


The mean daily intakes of calcium on the different diets were 352, 378, 
418 and 479 mg. and the retentions were 119, 117, 113 and 92 mg. respectively 
on the rice diet arid the diet in which rice had been replaced at 25% or 50% 
or completely by bajra. All the subjects were in positive calcium balance. 


The mean daily intakes of phosphorus were 726, 867, 1029 and 1346 
mg. and the retentions were 162, 224, 297 and 356 mg. respectively on the 
rice diet and the diets in which 25, 50 or 100% of rice had been ds by 
bajra. All the subjects were in positive phosphorus balance. 


The results of these investigations have shown that bajra can be used 
as a partial substitute for rice in poor rice diets, 
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Appendix: 
o INVESTIGATIONS ON “Paushtic Atta? 


"The results of i yum on the effect i replacing ien in the diel l 
by Paushtic atta (a blend of whale wheat flour,.75 parts; tapioca flour, 17 parts l 
and low fat groundnut flour, 8 parts) on the growth “and metabolism of - 
nitrogen, calcium and phosphorus in children are pe in the, Sections I | 
and.TI of the A pendit, l | | | 


SEOTION 1, ¿GROWTH STUDIES ON CHILDREN 


The effect of. bue wheat (forming 50% of the la in the diet) 
" in a poor. Indian. diet by a blend of whole -wheat. flour (75 parts), tapioca 
flour (17-parts)-and low fat groundnut flour (8 parts) (Paushite atia) on the 
. growth and nutritional status of children was studied. A feeding experiment 
extending over à: period of. three | months : was carried out on thirty boys . 
belonging to the age group 6- 12 years. Th- subjects were housed in a boarding 
-home. The. children were paired according to initial height, weight and. 
- nutritional status and the members of each pair- were allotted at random to 
the whole wheat flour diet or «Paushtic atta" diet and: fed. 


Values for the Henk weight, nutritional status, haemoglobin. | 
level and red blood cell count were obtained at the beginning and’ end of. 
the experiment for the subjects in the two groups. No significant * difference 
was observed in the increase in the height, weight, red blood cell count, 
haemoglobin and nutritional status of the subjects in the two ES 


SECUN I. METABOLISM IN CHILDREN, "T 


The effect of replacing whole sne flour which forms 50 per cent of the | 
cereals in a poor Indian diet by “Paushtic atia" on the metabolism of nitrogen, 
"calcium and phosphorus was studied in eight pairs of. children Ed Sgen 
11-12 years. 


The mean daily intakes of nitrogen were 9:78 and 9:97 g. and the — 

digestibility coefficients of the proteins were 74°5 and 75:8 per cent respectively 
on the whole wheat flour and ‘Paushtic atta’ diets. All the children were in 
positive nitrogen balance on both the diets. The daily retentions of nitrogen ` 
on whole wheat and ‘Paushtic atta diets were 1:61 and 1:90 g. respectively. 


The mean daily intakes: of calcium on the whole wheat flour and 
‘Paushtic atta’ diets were 694 and 702 mg. All the children were in positive 
calcium balance. The mean daily retentions of calcium were 102 ang 113. mg. 
uan on the two diets. 


. The mean daily intakes of phosphorus were 1410 and 1350 mg. and the 
retentions were 395 mg. and 404 mg. respectively on the whole wheat flour 
diet and *Paushtic atta’ diets, | 
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The pe of these investigations show that a blend of 75 parts of whole 
wheat flour, 17 parts of tapioca flour and 8 parts of low fat groundnut flour 
called *Paushtic atta’ is as good as whole wheat ‘flour, if not better in main- 
taining the height, weight and nutritional status, and in promoting adequate 

ee enn of A calcium and phosphorus in children. 


"The investigations have shown the possibilities of blending wheat 
flour with a blend. of groundnut flour and . tapioca flour which are avail- 


able in plenty*in the country and thus augmenting the supplies of wheat in the 
county by 2570. 
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STUDIES ON THE INNERVATION OF THE HEART* - 


RAMESH CHANDRA HARITWAL 
Zoology Department, Science College, Raipur, M. P. 


In spite of the voluminous literature on the anatomy and the physiology 
of the vertebrate heart, it is surprising to note that studies on the innervation 
` of the avian heart have been few and among mammals reference is mostly 
availakle on the innervation of the human heart only. 


This notable gap in our knowledge about the morphology of the con- 
necting tissue” of the vertebrate heart has been mainly responsible for the 
continuous existence of the controversy, that unfortunately arose since early 
times, between the protogonists of myogenic and neurogenic theories of 
cardiac conduction. Of the host of workers who studied the cardiac connecting 
tissue, the majority devoted attention only to the histology and the physiolo- 
gical properties of the various types of muscle in the vertebrate heart. Even in 
this limited field, the literature is full of cotroversial statements and varied results. 


In support of the neurogenic theory of cardiac conduction, a few of the 
earlier, investigators (Stannius, 1852; Gaskell, 1886; Dogiel and Archangelsky, 
1906; Dogiel, 1907; and Imchantizky, 1908; and 1909), who confined 
their observation on lower vertebrates only, laid stress on the role of nerves 
and ganglia of the heart for initiation and conduction of the stimulus of 
contraction. l i 


The controversial statements and incomplete studies ofthe previous 
investigators necessitated further studies on the morphology of the conduction 
system specially the innervation of the heart in birds and mammals. 


From the extensive literature it is clear that in contrast with the 
very numerous investigations that have been made on the  mus- 
cular conduction system of vertebrate heart, the studies on the structure 
and the distribution of the nerves that supply the heart and its conducting 
tissue have been very few. Some of the investigators who tried to fill up this 
gap in our knowledge paid attention only to a few selected types and in. these 
also only selected regions of the -heart were examined. To the best of author's 
knowledge no authentic detailed description is available in the literature about 
the innervation of the avian heart. Among mammals the study has been mostly 
confined only to the human .heatt. In the present investigation therefore, 
the innervation ofthe heart and its conducting tissue has been studied in 
three avian and three mammalian species. 


The innervation of the heart has been studied in three avian species 
namely, the common Indian fowl, Gallus gallus, the blue rock pigeon, Columba 


^ * This i is an abstract of the thesis submitted and approved for the Ph. D. degree of the 
Agra SERRA Agra in the year 1960. 
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livia intermedia, the house sparrow, Passers domesticus and also in three 
mammalian species viz., the albino rat, the shrew, Suncus murinus and the bat, 


Rhinopoma kinneri. 


The nerve supply of the heart, both in birds and sdb: is complex 
and like other visceral structures is mainly from sympathetic and parasym- 
pathetic components of the cervical autonomic nervous system. 


It has been observed that nerves contain both efferent and afferent 
fibres which are involved in important reflexes and which are influenced in 
their activities by the stimuli received from many quarters. | 


The vagus nerve is the main source of parasympathetic . contribution 
to the heart. The nerves arise both in the neck and the thorax and are 
variable in number and movement. l ' 


The middle cervical sympathetic ganglion, though present, is not very 
much defined and distinct in. mammalian hearts. 


- The previous investigators reported the absence of the middle cervical | 
sympathetic ganglion in birds's heart. The present. study has shown that it is 
present though very much reduced. in size. 


In mammals a loop of nerve, ansa-subclavia is formed by a branch ' 
arising from the middle ‘cervical ganglion and encircling the subclavian 
artery of its side. = i 

Ansa-subclavia is absent in the heart of birds. ` 

The thoracic nerves arise, in mammals from the frst four thoracic 
gangli, ard in birds from the first five thoracic ganglia. Neither in birds 
nor in mammals the sixth or seventh thoracic ganglia were sung to give rise 
to cardiac nerves. 

The cardiac plexus has been observed to be formed by the coalescence 
of all the nerves coming to the heart. Almost all previous investigators divided 
the cardiac plexus into-dorsal and ventral, caudal and cranial and anterior 
and posterior portions. The present study shows that the cardiac plexus both | 


in birds and mammals, is indivisible. 

- In confirmity with the observation of the previous ese aan, small 
intrinsic ganglia have been observed in the subepicardial and myocardial ' 
- tissues of the heart. Small ganglia are also located in the auricular appendages, 
around the roots of great vessels, in the interatrial septum, in the atrioven- 
tricular sulcus and in the nerve bundles -of sinuatrial and IA 
nodes. | 
Contrary to the findings of the previous veces A in the - 
“size of the various ganglia lying in the different idm of the heart, RIDES in 
birds or mammals, was not noticed. ; 


Nerve branches in the left atrium are very feu in number and mainly 
come from coronary, aortic and pulmonary nerves. 
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The E atrium is rich in its nerve supply ET the left atrium. Its 
posterior, anterodorsal and anteroventral portions „have been found to be 
supplied by coronary, sinus and aortic nerves respectively. 


The distribution and arrangement of nerve firbres ‘and: ganglion célls 
within the right atrium has been found to resemble that described by Glomset 
and Glomset (1940) in dog’ and man. Co m 


l Nerve plexus are- - much more extensive in the right atrium of the albino 
rat than in that of any other mammal or bird. ' 


The main source of nerve supply to the ventricles is from the coronary 
nerve. All the portions of the ventricles do not receive a uniform supply of 
the nerve fibres. . The anterior portion of both the ventricles, the atrio- 
ventricular sulcus and the interventricular septum are rich in nerye fibres 
while the posterior region of both the ventricles is a: very poor recipient. of 
nerve fibres. Ganglia are not:commonly found“ in' the ventricle. d | 


The sinuatrial node is almost invariably . present in all the species of. 


birds and mammals. In mammalian heart’ this node is extensively supplied. 
with the nerve, fibres to form a plexus outside as well as inside its body. - 


The nerve fibres’ supplied to the heart are mostly postganglionic in 
all the avian and mammalian species. 

The main nerve supply to the atrioventricular node has been found to be 
from the aortic nerve. 

The concept of muscular conduction sete in the vertebrate heart 
has been reaffirmed and at the same time evidence has been presented to 
. show that there is a sound anatomic basis for ene neurogenic theory of cardiac 
conduction. 


THE CHEMISTRY OF NN-BIS-2-CYANOETHYL DERIVATIVES 
OF PRIMARY AROMATIC AMINES AND THE HETERO- 
CYCLIC KETOAMINES DERIVED FROM THEM* 


ABRAHAM THOMAS 
St, John's College, Agra.+ 


The addon of acrylonitrile.to cp m contains reactive methylene 
groups is known as “Cyanoethylation.” Monocyanoethylation of aromatic 
amines has been known for some time and the literature on the subject is 
extensive. Dicyanoethylation of aromatic amines has been achieved only 
recently, Braunholtz and Mann? have studied the cyanoethylation of aniline 
under the influence of various inorganic catalysts and have developed an excel- 
lent method for the dicyanoethylation of aromatic amines using acrylonitrile 
freshly prepared cuprous 'chloride and glacial acetic acid. 


"The properties of the bis-cyanoethyl. derivatives have not been investi- 
gated by the above ' workers in detail. In part I of this dissertation is em- _ 
bodied the preparation of NN-bis-2'-cyanoethyl derivatives of certain primary 
aromatic amines and a study of their chemistry.. For the work described in 
this dissertation, dicyanoethyl derivatives of several aromatic - amines were 
needed particularly. those of aniline and m-toluidine - (E R=H or CH,) 


E respectively. 


R 


N(CHC "c N) E NC HC HCH.CN. 


(1) : mE (11) 


For this the method adopted was that described by Braunholtz and 
Mann‘. By this method aniline, m-toluidine and f-toluidine were di- 
cyanoethylated. ` N-Methylaniline was also cyanoethylated and N-2’- 
cyanoethyl-N-methylaniline (II) was prepared, according to the method 
recommended by Allison, Braunholtz and Mann?, Attempts to dicyanoethy. 
late m-chloraniline and p-thiocyanoaniline were unsuccessful. However 
by a different route referred to later, it was possible to prepare NN-bts-2’-cyano- 





* Summary of the thesis submitted for the Degree of Doctor of Philosophy at the Uni- 
versity of Agra. 
+ Present address : St. Augustine's College, Cape Coast, Ghana. 
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ethyl-p-thiocyanoaniline and NN-bis-2’-cyanoethyl-4-thiocyano-m-toluidine 
(III R=H or CH). | NS 


SCN 
K 


pts 


| NCHLC HEN: lii 


(1D 


In an attempt to dicyanoethylate 2-aminofluorene (IV), the product - 
isolated was N- 2'-cyapoethyl-2-aminofluorene (V).. 





E MM OF: 
"The ole of: cüprous chloridé in the. cyañocthylatios of. 2-aminofiuoreae 


“has been investigated, - Whether: the product : obtained is carcinogenic or not 


is ‘under investigation, since several derivatives of” 2-aminofluorene "are 
notorious carcinogenic agents, di 


Bis-2?-cyanoethylaniline and its m-teluidine Homologue behave as 

typical dialkylanilines in that they form green crystalline p-nitroso deriva- 

_tives (VI) and (VII) respectively. -p-Nitroso derivative of N- 2. e 
- N-methylaniline (VIII) has been prepared now. 


NO 





N (CH CHCN) NCHCHCN), N-CHCHEN 
2 2 2 | 
Hoe m | | CH, 
5.2. (VD VID ; mE — 


The compounds (VI), (VII) and (VIIT) were condensed with a number . 
of compounds containing reactive mety iene BOUE The reactive Ae 
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compounds studied were 2: 4-dinitrotoluene, - 5-methylacridine, 2-phenylin- 
dole, dibenzoyl methane, a-picoline methiodide, quinaldine methiodide. 
2-methylbenzthiazole ethiodide and  Fischer's base hydriodide. The anils : 
- obtained are highly coloured lustrous crystalline compounds.. The structures 
- of some of EE are istea below : 







CN CH, CHN - 
(CNCH,CHN 


LEN IC HCN 


(XU) 


Photosensitising properties of one of them ‘has been. investigated by 
LC.I. Ltd., Dye-stuffs Division, England. ue (X) ues no optical sensiti- 
sation but severe eration with fog. ^. 
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It was attempted to reduce the C-Nitroso group into amino group by 
reduction in acid media with tin. The product isolated is expected to be the 
stannichloride complex of the expected amine which needs confirmation. 

Another reaction of the bis-cyanoethyl derivative studied is the - 
nuclear. bromination using. N-bromosuccinimide or bromine-dioxane 
complex. Ittyerah and Mann® have brominated NN- bis-2cyanoethylaniline by 
N-bromosuccinimide- and prepared the peOromoBerivaive (AUT; R= m 





| + | 
NC H C! H C d Bx H-N(C HCH CN), 
xn A (XIV) 

This reaction is of great significance “as the dicyanoethylation of p- 
‘bromoaniline is an extremely difficult process. . Nuclear bromination has been 
now extended to (I; R=CH,) by N-bromosuccinimide and bromine dioxane 
complex. The latter has been found to be a better reagent for bromination 


in so far as the yields are better and the purification of the product easier. 
p-Bromo derivative (XIII R=CHs) has also been prepared. 


In an attempt to extend the -nuclear bromination to NN-bis-2’ -cyano- 
ethyl -9-aminofluorene, only the hydrobromide could be isolated (XIV). 
The fact that NN-bis-2'-cyanoethyl-9-aminofluorene forms such salts was 
further’ demonstrated by the preparation of its hydrochloride. 


Aromatic ` thiocyano compounds provide’ a route to the preparation of 

phenols, thiophenols, sulphonic acids and isothiocyanates. In the dissertation 
is described the thiocyanation of the dicyanoethyl . derivatives of aniline and 
m-toluidine using ammonium thiocyanate and {the Tformation Y of their 
p-thiocyano en yatives d R=H or x 


SON 
R 


N(C HC HC N) A 


ev; 


e 
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J. M. Tedder” has developed a method by which diazonium groups 
can be directly introduced into the-aromatic nucleus by'one step without: 
using the classical method of nitration. reduction to the amine followed by 
diazotisation. The bis-cyanoethyl derivatives (1; R=H or CH) have now 
been diazotised by the. new method and coupled . with resorcinol to give. 
azo-dyes (XVI R=H or CAs). 


OH 





(XVI) 


Tertiary aromatic amines couple readily with diazotised primary amines. 
This reaction has now been extended to _ bis-cyánoethyl . derivatives with the 
formation of azo dyes. e 


p-Dialkylaminobenzaldehydes are important intermediates in the synthesis _ 
of cyanine dyes and a host of other compounds of great importance. 


Due to the similarity of the bis- cyanoethyl anilines to dimethylaniline i in 
chemical properties it was attempted to introduce a formyl group in the aro- 
matic nucléus of these compounds. Formylation by the method recommended 
by R. Adams and H. Coleman! was ineffective. However, formylations of 
(IIR —H or. CH;) and (II) have now been’ achieved by using both N-methyl 
formanilide and. dimethyl formamide, and: the p-formyl derivatives (XVII; 
R=H or CH4) and XVIII prepared. These aldehydes have been PUN 
terized by the preparation ofsuitable derivatives. 


It has been'found that formylation by dimethyl formamide is better in | 
so far as it is simpler, gives better yields, and the product obtained is purer. 


CHO. CHO 
R 
NCHCHLN — NCH,(CH.CHCN) 


(XVII). (XVII) 
The aldehydes (XVII; R=H or CH,) were studied in detail, 


ed ^ 
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. The lados of aldehydes with amino. uo like hydrázine, 
p-aminobenzoic acid anthranilic acid, 8-naphthylamine has been studied. The 
Schiff’s bases isolated are higaly cr ystalline and colóured compounds, 


"The reactions of the aldehydes with reactive methylene compounds 

' like 2 :4-dinitro: toluene di-ethyl ` malonate, ' malonic. acid, malono nitrile; `. 

, èthyl cyanacetate; benzyl cyanide, di- -bénzoyl methane, 5-methyl acridine, 

a-picoline methiodide, »-picoline methiodide, quinaldine metliiodide, 2-methyl ^ 
benzthiazole ethiodide, Fischer’ s base hydriodide etc. are also. described i in the 

dissertation. . | | 


Itis found thati in the presence of organic bases like pyridine or age 
dine ‘as catalysts the aldehydes readily condense with malonic acid, . l 
derivatives, as also with several , compounds with. reactive cs groups, 


Anew series.of cyanine dyes have been: obtained from the aldehydes 
(XVII; R=H or CH,) by condensation with heterocyclic bases mentioned 
above and their photosensitising. properties, investigated | by. arrangement with 
, the Imperial Uhemical Industries Ltd. England, ‘Dyestuffs Division. 


These dyes are highly coloured enous crystalline compounds. Their : 


- colour in solution is discharged on addition of acids and regained on addition ' ES 


of alkali. Listed below are the formulae of some of the dyes synthesised. 





t 
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R 


¿(CNCH,CH,)N 





(XXII) 
In the above formulae R=CH; or H and R,=CH, or GH. 
Cyclisation of the di-cyanoethyl derivatives in presence of anhydrous 


aluminium chloride and chloro benzene and subsequent hydrolysis yield 
hetero cylcic systems of the type (XXIII). 





NN 
(XXIII) ` 


Such hetero cyclic systems in which nitrogen forms a bridge head atom is 
of considerable interest as such systems are found in a wide variety of natural 
products. Braunholtz and Mann*% and later Ittyerah and Mann”! have: 
prepared such systems and studied the reactions of these compounds. The 
work thatis embodied in the second part of the dissertation is an extension 
of the work initiated by the above workers. 

For the present work described in detail in the dissertation, two hetero- 
cyclic ketoamines (XXIII) and (XXIV) were specially needed and this was 
prepared by the method recommended by Braunholtz and Mann‘, 





294 AGRA UNIVERSITY JOURNAL ÓF RESEARCH [Vol xit 


It is now found that the yields obtained in the cyclisation reactions 
depend to a large extent on the quality of aluminium chloride used. Vey 
pure specimens are not so effective as technical quality ones. In practice 
it is found that when very pure aluminium chloride is used, the addition of a 
trace of ferric chloride helps. 


The application of several veac Hons to these hetero i systems n 
been investigated. 


(i) Bromination of the dioxojulolidines. 


Attempts by Ittyerah and Mann? to prepare (XXV; R=H R,=Br) by 
the cyclisation of p-bromo-NN-bis-2'-cyanoethylaniline was unsuccessful. So 
the above authors tried the nuclear bromination,of 1 : 6-dioxojulolidine by N- 
bromo succinimide and were successful in isolating (XXV; R=H and R,=Br). 
Now the bromine dioxane method has been extended, and it has been found 
that though the yield of the product is not better, purification - of the product 
is easier. | 

7-Methy]-1 : 6-dioxojulolidine has not been brominated so far. It has now | 
been. achieved and the diketo amine (XXV; R==CH,; R,—Br) prepared. 
‘Several derivatives like the 2:4-dinitrophenyl hydrazone, the bis-phenyl 
hydrazone, the OS the bis- O derivative (XXVI) have now been 
prepared. | 





OH OH 
(XXVI) 


An attempt to prepare cycle systems of the type (XXVII) by the 
direct bromination of 8-bromo-7-methyl-1 :.6 dioxojulolidine followed by 
dehydrobromination failed. The product was a polymeric material melting 
over a wide range, probably a mixture of bromo derivatives. 


a 
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NO, 


the 





(XXVII) (XXVIII) 


(i) Nitration of 1 : 6-dioxojulolidine has been done by earlier workers. 
This has now been extended to 7-methyl-1 : 6-dioxojulolidine and the 
7-methyl-8-nitro-1 : 6-dioxojulolidine (XXVIII) prepared. Several derivatives 
like the dioxime (bright yellow crystals) bis-phenyl hydrazone (deep 
red crystals) and 2: : S-bis-f-dimethylaminobenzylidene-7-methyl-8-nitro-] : p- 
dioxojulolidine have now been prepared and characterised. 


(iii) Attempts to prepare 1 : 6-dioxo-8-thiocyanojulolidine (XXIX) by 
the biscyanoethylation of p-thiocyanoaniline and subsequent cyclisation were 
futile. The only way left for the preparation of (XXIX) was by the direct 
thiocyanation of 1 : 6-dioxojulolidine and this has now been achieved using 
ammonium thiocyanate and bromine. These thiocyano compounds are 
interesting starting materials for thiophenols, sulphonic acids, and iso- 
thiocyanates. x / 


SON 


^N 
(XXIX) 


(iv) Formylation and benzoylation of the 8th position of 1 : 6-dioxo- 
julolidine were unsuccessful, 


(v) Application of Clemmensen's method of reduction to the heterocyclic 
ketoamines met with no success, 
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(vi) Ittyerah and Mann® have reported that the application ofthe 
Schimdt reaction to 1 : 6-dioxojulolidine yielded the bis-lactam (XXX) 
while 7 : 9-dimethyl-1 : 6-dioxojulolidine did not undergo this reaction. 
This is obviously due to the fact that carbonyl groups in the latter are 


Sp X 
— L 


NUN FP 


(XXX) | (XXXI) 


 sterically hindered by the methyl groups at positions 7 and 9. The author 
therefore expected that 7-methyl-l: 6-dioxojulolidine. would yield the 
monolactam (XXXI). Several conditions were tried. Under ordinary 
conditions of the experiment, unreacted 7-methyl 1 : 6-dioxojulolidine was 


isolated and under forced conditions, an intractable gum was the only product 





obtained. m 


(vii) Pfitzinger Reaction and Fischer's indolisation have been applied 
to the diketoamine (XXV R=CH, R,=Br.). 8-Bromo-7-methyl-6-oxo- 
quinolind (2': 3'-1 : 2) juloline carboxylic acid (XXXII) and the monohy- 
drated monohydrochloride of the diindolo (2':3'-1: 2) (3"-2"-5 : 6) 
8-bromo-7-methyl juline (XXXIII) were prepared, 


Br 
X 


(XXXII) | (XXXIII) 


(viii) Some of the heterocyclic ketoamines, the chemistry of ‘which forms 
the subject matter of the second part of the dissertation have been used in 
the preparation of mero-cyanines of the type (XXXIV). 
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mos DOO. 


| _X==CHorN 
(XXXIV) 


Ittyerah and Mann® have reported the preparation of 1 : 6-dioxo-iso- 
juloline (XX XV), by the action of palladised charcoal in boiling ethylene glycol 





(XXXV) (XXXVI) 


or cymene, This has now been extended to two more dioxojulolidines and 
the iso-juloliñes (XXXVI) and (XXXVII) prepared. 


Several derivatives like the hydrobromide, picrate, monophenyl hydra- 
zone and the bis-perchlorate have been prepared t to establish the structure of 
these products. 

[SY 
3 


e Q 0 
Nx 
(XXXVII) 
Formation ofthe iso-juloline (XXXVII) is interesting in view of the fact 
that under similar conditions of dehydrogenation the bromine atom ofthe 


oxoquinoline (XX XVIII) is split of from the molecule, leading to the for- 
mation of (XXXIX). 
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STUDIES IN SOME ESSENTIAL OILS* 


MUNISHWAR CHANDRA NIGAM OO 
Essential Oil Research Centre, Harcourt Butler Technological Institute, Kanpur. 


The thesis records the investigations on some Indian Essenial Oils. In 
the course of the work some new compounds were isolated in pure form and 
studied to elucidate their structures. Studies on economic production of rose 
oil and the keeping quality and preservation of rose flowers prior to distillation 
were also undertaken. Two semi-micro methods (i) Spectrophotometric 
estimation of geraniol and (ii) Chromatographic estimation of stearoptenes in 


rose oils were also standardised. Following is the ES summary of the 
thesis. 


Chapter I. Indian Rose Oils Part I. Production of Rose Ot and ares of Rose 
Flowers prior to Distillation. 


Fresh flowers of Rose damascena were distilled in an ¡rd type of 
still with twice their weight of water in such a way that the distillation 
started after 1$ hours and a distillate equivalent to 70%, 65%, 60%, 55% 
and 50% were collected in the first 14 hours of distillation in different sets of 
experiments. The distillates were further concentrated to ith of their 
original volume and the oil found floating on the surface of the concentrates 
was separated by decantation. As a result of these studies it was found that 
maximum yield of oil was attained if the rate of distillation was so adjusted 
that a distillate equivalent to 60-65% of the weight of fresh flowers were 
collected in the first 14 hours of distillation. The yield of oil under these 
conditions was found to be 0:022-0.024% on the weight of fresh flowers. 


Experiments were also conducted to study the keeping quality of rose 
flowers and preservation of oil in them. It was found that an appreciable 
amount of oil is lost if the flowers were kept in shade even for 4 hours after 
plucking. The experiments were conducted with the three common Indian 
varieties of roses viz., R. damascena, R. Edward and R. Teplitz. The loss of 
oil in four hours was 48:189, 66:929 and 26:67% respectively. 


Further experiments were conducted on the preservation of oil in rose 
flowers by dipping them in common salt solutions. As a result of these studies 
it was found that if the flowers were immersed in a 5% salt solution, no 
appreciable loss could take place even after 24 hours. 


Concretes, absolutes and steam volatiles were prepared from fresh rose 
flowers and studied for their physico-chemical properties. 


EEG CLICCA RO UR GI MED EC A MI ME SEE 
* Abstract of the thesis submitted for the degree of Doctor of Philosophy of the 
Agra University. 
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Chapter Il. Indian Rose Oils Part II. Examination pU Essential Oil from the Flowers of 
Rosa damascena. 


The essential oil of Rosa damascena was obtained in a yield of 0:022% 
by hydro-distillation of fresh flowers. The oil had a very sweet and refreshing 
. odour. On detailed chemical examination, it was found to contain: 


Phenyl ethyl alcohol 20°77%, citronellol 18:30%, geraniol 10:'90%, nerol 
2:595, phenyl ethyl acetate 1:58%, geranyl acetate 1:295, geranyl tiglate 
1:22%, n-nonyl aldehyde 1.50%, carvone 1:05% and citral 1:48%. 


The oil was found to contain 20:25% of ide das also. The stearop- 
tenes were composed of: 


Eicosane 3°15%, heneicosane 5:8295, docosane 6:05% and tricosane 173%. 


Chapter III. Indian Rose Oils Part III. Estimation of Rose oil Components. 


(i) Specirophotometric Estimation of Geraniol 
(it) Chromatographic Estimation of Stearoptenes. 


Two semi-micro methods for estimating geraniol and stearoptene were 
developed. The former method is based on the formation of a coloured 
complex of geraniol with an alcoholic hydrochloric acid solution of phloro- 
glucinol. The .formation of coloured complex has been attributed to the 
presence of an allyl or substituted allyl system in geraniol and certain other 
compounds where such a reaction takes. place. The only other rose oil 
component which is capable of giving a similar reaction and is present in an 
appreciable quantity is geranyl acetate. The visible spectra of geraniol and 
geranyl acetate complexes showed maxima respectively at 550 mu and 
540 mu. It was found that though the value ofA max is 540 my in case of 
geranyl acetate, both geraniol and geranyl acetate obeyed Beer Lambert Law 
at 550 my upto a molar concentration of 0.08 M. Hence it was possible to 
estimate quantitatively the amount of geraniol present in rose oils by applying 
a suitable correction for geranyl acetate. The method developed was veri- 
fied in the case of synthetic mixtures and Indian rose oils. 


A method for quantitative estimation of stearoptenes in rose oils was 
also developed. The method is based on the fact that the stearoptene being 
straight chain saturated hydrocarbons would come out most easily and rapidly 
through a column filled with Grade I alumina when diluted with petroleum 
ether. 1.0 g of the oils were chromatographed over a column packed with 
50g of grade I alumina and eluted with petroleum ether. Fractions 
of 5 ml each were collected, evaporated and weighed. After a study of 
chromatogram it was proposed to cut 70 ml of eluate for estimating the 


stearoptene present. 


_ The proposed method was found to conform with usual method when 
- verified in rose oil samples of different stearoptene contents. 
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Chapter IV. Essential Oil from the Seeds and Carpels of Zenthoxylum limonella Part I. 
Indentification of Components and Isolation of a new sesquiterpene. 


Seeds and carpels of Zanthoxylum limonella on steam distillation yielded 
61% ofa pleasant smelling oil. The oil on chemical examination was 
found to be composed of 1-s abinene 35:895, 1-4-pinene 17:995, carene 15:995 
B-pinene 12:2%, «-thujene 48%, terpinen-4-ol 2:995, dihydrocarvool 1:1%, 
dihydro-4- terpineol 0:795, x-caryophyllene 1:3% and a new sesquiterpene 
(provisionally named as limonellene) 0:995. 


Chapter V. Essential Oil from the Seeds and Carpels of Zanthoxylum limonella Part IT. 
Studies on the Constitution of Limonellene. 


The new hydrocarbon (Limonellene) has been isolated from the higher 
boiling fractions by chromatography. It possessed the following properties. 


2 D 30 
b 135°C.,d 0:8896., n 1490., a -12:00, 
| 15 30 © D 2 
The hydrocarbon was found to be bicyclic. The two double bonds are 
unconjugated and one of them on the basis of infrared specie appeared to be 
a terminal methylene group. 


On dehydrogenation with selentum eudalene was formed. On ozonolysis 
formaldehyde was- obtained as a volatile product. Acetone was, however, 
absent in the products of ozonisation. The non-volatile residue obtained 
after ozonolysis was found to give a positive test for aldehyde and negative 
test for methyl-keto-group. The non-volatile residue on further oxidation 
with potassium permanganate gave a dibasic acid. It was also observed that 
neither the non-volatile preduct of ozonolysis of limonellene nor the oxidation 
‘product of the above gave any colour reaction with ferric chloride. 


On the basis of the above observations, the following tentative structure 
of limonellene has been proposed. 


Chapter VI. Essential Oil from the Pools of Citrus Microcarpa Bunge. 
Fresh peels of Citrus microcarpa on steam distillation gave 0°71% of a 
pleasant smelling essential oil. It was studied in detail and the following 
‘components were identified. l 
d-limonene and dipentene 91:'85%, linalool 247%,  a-terpineol 
1:30%, linalyl acetate 1:37%, citral 1:06% ., geraniol 0:58% , methyl anthrani- 
late 0:15% and citioptene 031%. 
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Chapter VII. Essential Oil from the Flowers of Melia azadirachta (Neem) 
Part I. Identification of Components and Isolation of New 
Sesquiterpenes. 
The essential oil of Melia azadirachta flowers was obtained in a yield 
of 0°025% and was found to possess the following components on detailed 
chemical examination. i 


Tbio-amyl alcohol 7:695, benzyl alcohol 9:6795, benzyl acetate 8:295, an 
unidentified alcohol 3:99 and three new sesquiterpenes. The new sesquiter- 
pene hydrocarbon had the following physical characteristics : 


Particulars — No. I No. II No. HI 
Percentage 8:7 I5: 30:8 — 
Boiling point 1329C/12 mm 1340/12 mm 153°C/9 mm. 
30, 
d 0:9012 0:9038 0:9079 
30 
n°? 1.892 1-496 1-502 
D 
aD . 419:5 ^— -Il'O © 2X5 


Chapter VIII. Essential Oil from the Flowers of Melia azadirachla (Neem) Part I. 
Studies on the Constitution of New Sesquiterpenes. 


Three new sesquiterpene hydrocarbons weré isolated from the higher 
boiling fractions of the oil. The first and the third were named as Azadirach- 
tene and Margosene respectively. l 


Azadirachtene (C44 Haa). 


It was found to have the following characteristics :— 


|. 80 | | | 
b,,1320C, d 09012, n 1:492. «, -19:5, Mol, Ref. 65-9., No. of | 
30 | 


D 
double bonds 2. 


The hydrocarbon was found to be bicyclic in nature. The two double 
bonds were found to be unconjugated and one of them on the 
basis of infrared spectrum appeared to “be a part of terminal methylene 
group. 

On dehydrogenation ‘with selenium, S-guiazulene was formed. 
Ozonolysis of the hydrocarbon gave a negative test for aldehyde and methyl- 
keto group . 
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. On the basis of these observations, azadirachtene appears to possess one 
of the following structures :-— 


The Second Hydrocarban (Cis Haa) 
The hydrocarbon had the followinglcharacteristics : 


30 30 
bis 134°C., d 0:9038., n 1:492,, p 1l0. Mol. Ref. 66:1., No.-of 
30 D 


double bonds 2:08. 


m 


The hydrocarbon appeared to be bicyclic as evident from the value of 
molecular refraction and 'number of double bonds. The two double bonds 
were unconjugated and one of them was present in the terminal methylene 
group. On dehydrogenation with selenium S-guiazulene was formed. 


Margosene (Cy E44) - 


The hydrocarbon was found to have the following physical character- 
istics :— 


. 80 30 | 
b 153°C.,d  0:9079., n 1°502.,a_ -2., No. of double bonds 2°12. 
9 30 D E | 


The hydrocarbon is bicyclic in nature gives and S-guiazulene on dehydro- 
genation with selenium. The two double bonds present in the hydrocarbon 
were unconjugated and one of them was a part of terminal methylene group, 
as evident from infrared studies. 


Ozonolysis of the hydrocarbon gave formaldehyde as a volatile product. 
Acetone was absent in the products of ozonisation. The non-volatile residue 
after ozonolysis gave a positive test for aldehyde group and a negative test for 
methyl-keto group. The ozonised product formed a dibasic acid on oxidation 
with potassium permanganate. It also showed a negative response to ferric 
chloride showing the absence of enolisable hydrogen in the product of 
ozanolysis. | 
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On: the basis of observations, the following tentative structure of margo- 
sene was proposed. 





~ 


Chapter IX. Essential Oil from the Flowers of Michelia champaca Part I. 
Identification of components and Isolation of a New Sesquiter- 
pene Champacene. 


Flowers of Michélia champaca yielded 0'056% ofa pleasant smelling 
essential oil. The oil on a detailed chemical examination was found to 
possess chiefly a new sesquiterpene hydrocarbon isolated in a yield of 47-3% 
in pure form. Studies on the sesquiterpene revealed it to be bicyclic in 
nature. The sesquiterpene hydrocarbon was named as Champacene. 


The minor components in the oil were as follows : 


1:8. cineole 9:99,., a-terpinene 1:7%., a-terpineol 3:0%., phenyl ethyl 
alcohol 2°9%., linalool 1'4%., citral 1:29, and terpinyl acetate 0:6%. l 


Chapter X. Essential Oil from the Flowers of Michelia champaca Part 1I. Studies on the 
Constitution of Champacene. | 


The new sesquiterpene hydrocarbon ‘Champacene’ isolated from the 
higher boiling point fractions after being purified by chromatography was found 
to possess the following physical characteristics:— 


25 95 
b 1170C., d 0°8768., n 14915., a. -12'6. 
8:5 25 D aa 


The hydrocarbon was found to possess two unconjugated double bonds. 
One of them appeared to be a terminal methylene group as evident from 
infrared spectra and the results of ozonolysis. 


Dehydrogenation of Champacene with selenium gave vetivazulene. On 
ozonolysis, formaldehyde was formed. Acetone could not be identified in 
the volatile matter. The non-volatile residue obtained after ozonolysis gave a 
negative test for aldehyde group and positive test for methyl-keto group. 
The non-volatile residue could not give any caboxylic acid on further oxida- 
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tion with potassium permanganate. The non-volatile residue gave a 2:4 dinitro 
phenyl hydrozone which on repeated crystallisation with alcohol gave a sharp 
mp 113-114? C. Semi-micro combustion analysis of the non-volatile residue and 


the corresponding 2:4 dinitrophenyl hydrazone suggested their molecular 
formulae as C,,H440, and C3,H54,N,,0,, respectively. 


On the basis of these observations Champacene appeared to possess onc 
of the following three structures : 





CHEMICAL EXAMINATION OF SYNTHETIC MIXTURES 
. AND NATURAL ESSENTIAL OILS* 


RAM NAGINA Lart 
Chemical Engineering Y Technology Section, 
Harcourt Butler Technological Institute, Kanpur. 


In addition to the introduction in which literature on the related problem 
has been reviewed, the subject matter of the thesis entitled “Chemical Examina- 
tion of Synthetic Mixtures and Natural Essential Oils" has been divided into 
eleven chapters. The first chapter deals with the derivation of formulae for - 
the estimation of the constituents of complex synthetic mixtures and fractions of 
an essential oil. The six chapters incorporate the studies of various formulae 
on several synthetic mixtures so as to establish the general applicability of 
those formulae. The two chapters deal with the application of formulae to the 
fractions of ternary and quaternary mixtures with a view to find out whether 
those formulae are applicable for the estimation of the constituents of such ternary 
and quaternary mixtures or not. The last two chapters record the investigations 
on the constituents and the determination of the per cent composition of spear- 
mint oil and palmarosa oil by using formulae based on the physico-chemical 

properties of the fractions of the oils and their components. ) 


_In the course of present investigations, about eighty synthetic mixtures 


of different systems have been analysed by the application of various physico- 
chemical formulae and acetylation method. 


Twentyseven synthetic mixtures of different compositions of the following 
binary systems have been analysed by using physico-chemical formulae 1, 2 in 
chapter II. 


1. Geraniol and Acetophenone system; 


2. Benzyl alcohol and Acetophenone system; ` 

3.: Phenyl ethyl acetate and Benzyl acetate system; 

4. Benzyl butyrate and Benzyl acetate system; 

5. Santalol and Geraniol system; 

6.° Dimethyl benzyl carbinol and Terpineol system ; 

- 7. Phenylethyl alcohol and Carvone system; -` 
a=100 (hg —hp)/(ha — hp)... in E) 

b 2100 (hm — ha)/(hp —ha)... s x2) 


where a and b represent the percentage of two components A and B of the 
mixture. Further, hg, hp and hm stand for the specific volumes of compo- 

nents A, B and the mixture respectively. 
* 'This is an abstract ofthe thesis submitted for the Degree of Doctor of Philosophy, Agra 
University, Agra. 

T Present address : C/O Prof. Ramji Sahai, Kaidrabad, Darbhanga (Bihar). 
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. From the results of the above systems, the conclusiom has been drawn 
that -the formulae are suitable for the estimation of constituents of binary 
mixtures or fractions of an essential oil. : 


In chapter III, eight synthetic mixtures of different compositions of the 
following ternary systems consisting of two alcohols and one ester have been 
analysed using formulae 3, 4 and 5 based on the specific volumes of the mixture 
and its components. 


l. Benzyl alcohol, Phenyl ethyl alcohol and Benzyl acetate system; 
2. Phenyl ethyl alcohol, Phenyl propyl alcohol and Benzy! acetate 





system. 
a= lU —h»)—c(ho—hn) — | ,..(8) 
(ha —hp) ' 
pe. lOO (hm—hs)—c(hu—he) (ay 
(hp —hg) 
100v 
Cem b. 53 ss dius e uae. wisi 
V (5) 


‘where a, band c are the percentages of alcohols A, B and ester C having 
respective specific volumes ha, hp and he. Further, hm stand for the specific 
volume of mixture, Ve and v, are the ester values of pure ester C and of the . 
mixture before acetylation respectively. 


From the results obtained it has been established that the formulae are 
suitable for the determination ofthe constituents of the synthetic mixture 
when the difference in densities of the constituents of the mixture is not less 
than 0:015. In addition, similarity in chemical nature of the components on 
which depends the ideal mixture ponies also play an important role in 
yielding better results. : 


In chapter IV, fourteen synthetic mixtures of ternary systems consisting 
of two esters and one alcohol have been analysed using formulae 6, 7 and 8. 
The results prove that these formulae are applicable for determination of the 
percentage composition of such mixtures or fractions consisting of two esters and 
‘one alcohol of an essential oil although the results deviate slightly from the 
actual percentage of the constituents present, ; 


1. Linalyl acetate, Santalyl acetate and Geraniol system; 
2. Benzyl acetate, Phenyl ethyl acetate and Geraniol system; 
3. Benzyl acetate, Phenyl ethyl acetate and Phenyl ethyl alcohol system. 


v; Meh 
(Maha—Mohe) —(h—Serng-) (Ma—Mo)] 


100 [a- Br 86104- - 
Mi RI MC (6) 


b= 
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l 





| Mah 
Me [ 100 hm —bhy— e 
C= Ba A o aa E 
. [Moho — Maha] EM +e ; 2s *t2= d ES 
v. Mah 
] Ma [ 100 hm —bhp — ra 


[Maha —Mechg] vis jn = Ws ... (8) 
where b, c and d stand for the percentage of esters B, C and alcohol D having 
respective molecular weights My, M, and Ma. Further, hp, he, ha and hm 
represent the specific volumes of components B,C,D and the mixture respec- 
tively, while v, represents the ester value of the mixture before acetylation. 


From these investigations, the conclusion has been dràwn that if one 
ofthe esters present in ‘such ternary mixture is an ester of alcohol present in 
the'mixture that is the constituents form a more ideal mixture, better agreement 
with the theoretical percentage composition is obtained inspite of small 
difference in densities of the individual components. 


In chapter V, the analysis of a ternary mixture consisting of three 
alcohols namely benzyl alcohol, phenyl ethyl alcohol and phenyl propyl alcohol 
and a quaternary mixture ‘consisting of the above three alcohols and 
benzyl acetate has been made by the physico-chemical methods and chapter 
IX incorporates the analysis of these mixtures by the acetylation method. 
In these cases the formulae have not been directly applied to e mixtures 
but to their fractions. 


In the, case of the ternary mixture, the fractions have been assumed to 
contain only two components and thus physico-chemical formulae 1,2 pre- 
viously discussed were applied to the fractions so as to determine their 
percentage composition and then of the mixture as a whole. Similarly, the 
analysis of the quaternary mixture was made by the application of physico- 
chemical formulae 3, 4 and 5 described previously. 


The analysis of these mixtures has been made by =e i ade 
method using’ formulae 9, 10 and 11 given below; — 


Ma M»y(v —V ) | 

A A nm 100— Des ol 2 EOM * AES ees s.s. > see aes 9 
Ma Mr [100 561-04 —0-4201v, | (9) 

_ Mp m Mag(v4—vi) 
DES Y M. [ 100 C 561:04-—0:4201v, | ] «x REAL. lw. ..» (10) 

100v, | | | 

— c— Ó stk een aes 22+ eae sa pane er ees 11 
T (11) 


where a and b stand for the percentage of alcohols A and B having 
respective molecular weights M; and Mp in the fractions of the ternary as 
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i 
well as quaternary mixtures, while c represents the percentage, in the quater- 


nary mixture, of ester C having molecular weight Me. Further, v,, Va and V, 
are the ester values of a fraction before and after acetylation and of pure 
ester. G respectively. 


The results obtained for the ternary and quaternary mixtures indicate that 
the formulae are applicable to the close cut fractions of a complex synthetic 
mixture for finding out the percentage composition of the fractions of the . 
mixture and subsequently of the mixture as a whole. High reflux ratio 
during the course of fractionation of the mixture is recommended so that 
fractions consisting of two alcohols or two alcohols and one ester may be 
obtained, - 

, . 
' In chapter VI, a comparative study of the usual method and the 
. modified method for determination of the saponification value during the 
course of the determination ofthe percentage of the constituents of the 
mixture has been made with fifteen mixtures of the following three systems :— 


l. Benzyl acetate and Phenyl ethyl alcohol system, 
2, Benzyl acetate, Phenyl ethyl acetate and Geraniol system, 


3. Phenyl ethyl alcohol, Phenyl propyl alcohol and Phenyl ethyl 
acetate system, 


In the case of system 1, the percentage of alcohol, and ester was 
determined with the help of the ester value of the mixture before and after 
acetylation, whereas formulae 12 and 13 have been used for the determina- 
tion of the constituents of system 2. | 


„— 100v — (100—c) Vr 


VIV. x09) 
100v, — (100—c) Va 
b Vv. ~ m n 30 3 


where a, b and c stand for the percentage of esters A, B and alcohol C while 
v, Va and Vy represent the ester values of the mixture before acetylation and 
of pure esters À and B respectively. 


Further, formulae 9, 10 and 11 previously mentioned have been applied 
for the determination of the constituents.of system 5 


From the comparision of the results obtained by the üsual and modified 
methods, the definite conclusion has been arrived at that the percentage of 
the individual constituents of a synthetic mixture consisting of various consti- 
tuents is more correctly determined by the application of various formulae 
derived using modified: procedure of determination of saponification value. 
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Chapter VIT incorporates the analysis of eight synthetic mixtures belong- 
ing to ternary and quaternary systems as given below by modified technique 
. Of analysis: ; 


1. Linalyl acetate, Santalyl acetate and Geraniol system, 


2. Phenyl ethyl alcohol, Phenyl propyl alcohol, Phenyl ethyl acetate and 
Lauric acid system. 


For the analysis of system 1, formulae 12 and 13 and for system 2, 
formulae 9, 10 and 11 previously discussed have been used. The conclusion 
has been drawn that the modified procedure for the determination of saponifi- 
cation value which gives ester value correct upto one decimal place results in 
more precise determination of the per cent of the individual constituents 
present. 


In chapter VIII, four synthetic mixtures of a ternary system consisting 
of benzyl alcohol, phenyl ethyl alcohol and benzyl butyrate have been studied 
by the application of formulae 9, 10 and 11 and it has been found that the 
observed percentage of the two individual alcohols differ considerably from the 
actual composition. Thus a definite indication regarding the interference in the. . 
estimation ofalcohols due to the presence of benzyl butyrate an ester other 
than acetate has been obtained, whereas the same formulae when apply to a 
similar ternary system consisting of phenyl ethyl alcohol, phenyl propyl alcohol 
and phenyl ethyl acetate previously discussed give excellent results, 


In chapters X and. XI investigations on constituents and the determina 
tion of the percentage composition of spearmint oil and palmarosa oil have 
been incorporated. In the case of spearmint' oil formulae 14, 15 were applied 
to the decarvonised spearmint oilas well as to its close cut fractions so as to 
determine the percentage composition of the decarvonised spearmint oil dire- 
ctly as well as for the per cent composition of its fractions. 


— ÓO0ha—hm)—a(ha—hi)—b(ha—h») —  . as) 
(ha —h,) 


100(hc —hm)—a(ho—h4)—bfhe—-hs) . P 3 ald) 
(Mo—ha) ` 


In the above formulae a,b, cand d stand for the percentage of alcohol 
A, ester B and hydrocarbons C and D respectively, while ha, hp, he, ha and 
hm stand for the respective specific volumes of the componets A, B, C, D and - 
the mixture. 


d=: 


For the percentage composition of the decarvonised oil, more or less the 
same result is obtained whether it is derived by application of the formulae 
derectly to the decarvonised spearmint oil itself or to its fractions. From the 
percentage composition of the decarvonised spearmint oil, «the percentage 
composition of spearmint oil was determined. 
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So far the investigations on palmarosa oil are concerned, two sets ọf 
experiments on the same oil were performed. First, the oil was fractionated 
under reduced pressure maintaining high reflux ratio and the percentage 
composition of each fraction obtained from both the lots of palmarosa oil wás 
determined using formulae 3, 4 and 5 given previously, as the fractions were 
assumed to have only three components. The results obtained from both the 
sets of experiments are more or less the same. 


It has been observed that with the help of simple apparatus and different 
sets of formulae, it has been possible to determine the individual percentage 
of components present either in mixtures or essential oils. Thus the various 
new formulae for the determination of the various constituents of a mixture 
consisting of a few perfumery compounds constitute a new tool in the hands 
of essential oil chemists for the determination of the constituents of a synthetic 
mixture or fractions of an essential oil and subsequently of essential oil itself. 


STUDIES IN PARACHOR* 


V. G. VAIDYA 
Chemistry Department, Holkar College, Indore.t 


SUMMARY 


The investigation of complex formation and hydrogen bonding by 
finding out the parachor of solutions was undertaken by me for the present 
work. The work was divided into three sections :— 


6) Gloser examination of the- picados of the Mixture Law of 
Hammick and Andrew; | 

(i) Detection of complex formation by Job's method; 

(111) Structure of inorganic oxy-acids such as nitric, sulphuric, ortho- 

| phosphoric and boric acids by the study of their parachor in pure 
state and in solutions. The results obtained and the conclusions 
drawn therefrom are as follows: 


(1) Parachors in Solution : 


The closer examination, 1 made, of the mixture law has revealed certain 
facts and certain conclusions have been drawn as to the conditions under which 
it can be applied and how best it can be applied. 


Following conditions have been established :— 


(i) thatin testing: the mixture law, Pm should be plotted against ‘x’. 
Since the equation Pm=x.Px+(1—x )Ps, on rearranging as 
Pm=x (Px—Ps) +Ps, takes the form of a straight line (y=mx-+-c), 
there is no point in plotting Px os ‘x’. 

(ii) ` that application of x? test revealed that the law is sound and can 
be applied safely. 

(iii) that the value of the parachor of pure solute be calculated not 
by extrapolation of the straight line obtained by plotting Pm os ‘x’ 
but by analysing the experimental data by. the least square method of 
curve fitting. I have applied this method in the case of boric acid. 


(iv) that the straight line mixture law is applicable provided that : 
(i) there is no ionisation, 
(ii) there is no hydrogen bonding, 
(iii) there is no complex formation and that, 








* Summary of thesis submitted to and approved by the Agra University, Agra for the 
Degree of Doctor of Philosophy. 
T Present address—Govt. College, Shahdol, (M. P.). 
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(iv) the solubility of the substance under investigation is sufficiently 
high so that the error in calculating Px from the equation. 


Px=x.Px+(1—x) Ps is not unduly magnified. 


(2) Parachor in detection of complex formation : 


"^ 


_Job’s method of continuous variation was used bo: me for studying 
complex formation between glycine and cobalt-nitrate, glycine and lead nitrate, 
formation of the .dichromate ion and the complex formation between iodine 
and benzene and iodine and ethyl alcohol. Following results were obtained :— - 


(1) Lead Nitrate and Glycine : 


I have found that the complex ion PbG+ exists in solution, i. e., complex 
- formation occurs at the volume ratio of 1: 1. Monk has studied the system 
by pH titrations and found two complexes PbG* and PbG,. Fuseya and Murata 
from migration studies and Karmalkar and Bafna from polarographic, potentio- 
metric and conductometric studies report only one, i. €., PbG*. These results 


confirm my observations. 


(ii) Cobalt Nitrate and Prang : 


Monk has reported two complexes CoGt and-CoG, in this system from 
his pH titration studies. I have studied the system at two different concentra- 
tion—M/5 and M/10—solutions. In the former, I found CoG+ and CoG, 
complexes whereas in the latter only one: CoG*. The absence of CoG, in 
_M/10 solutions may be due to its greater instability. 


(iii) Formation of dichromate ton: 


Vean and Cooper studied the formation of dichromate ion spectro- 
photometrically using Job's method of continuous variation, A similar study 
was undertaken by parachor measurements. Ostwald (Z. -physikal. Chem. 
1888, 2,78) and Abegg and Cox (Z. physikal Chem. 1904, 18, 510) and also 
Datta and Dhar (J. Am. Chem, Soc., 1916, 38, 1303) carried out the physico- 
chemical investigations dealing with aqueous solutions ‘of Chromic acid. 
Using M/10 solutions of potassium chromate and hydrochloric acid, I found 
that the dichromate ion is formed when the solutions are mixed in the ratio 


of 1:1. 
(w) Complexes of todine with benzene and ethyl alcohol : 


Iodine forms brown solutions with certain organic solvents. An exami- 
nation of the brown solutions by Beckman and Stock, Groh, Getman, and 
others have proved that iodine is chemically bound in these solutions. 1 
have investigated the nature of complexes of iodine with benzene and ethyl- 
alcohol. I found that C,H,OH-I, and C,H,-I, are the complexes formed. 
Hilderbrand and Benesi from spectrophotometric studies found that iodine and 
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benzene form the complex C,H,-I,.. Enzo Ferroni and Gabriela Gabrielli from 
surface tension-measurements concluded that the complex C,H,OH-I, is 
formed between iodine and ethly E These results are in confirmity 
with my observations. 


(3) Hydrogen Bonding and the structure of nitric, n ii: and 
boric acids: 


Parachor studies of pure acids and their solutions in water were made 
with a view to understand their molecular structure. Following results were 
obtained. It was shown that a parachor decrease upto 12 units corresponds 
to a hydrogen bond (Bhagwat and Shukla). 

(1) Nitric Acid: | 


The observed parachor of pure nitric acid was fcund to be about 
9 units less than the calculated válue. “This difference was explained by the 
presence of one intramolecular hydrogen bond. The structure of nitric 
acid can be: 


H-----O 


| 


QO——N 


O 


Yost and Russel have suggested a similar structure but no definite 
proof was given by them. 


(it) Sulphuric Acid -. 


The difference in calculated and observed parachor value of sulphuric 
acid is about 16 units. This can also be explained by assuming that 
there are two intramolecular hydrogen bonds. 


a t 


oe 
NS 
{N 


"ul | 
H | 
Venkateswaran has suggested hydrogen bonded structure for sulphuric 
acid from Raman spectra studies. 
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(iii). Ortho-phosphoric acid: 


An anomaly of about 12 units exists between the calculated . and 
observed values of parachor of orthophosphoric acid. The presence of two 
intramolecular hydrogen bonds can explain the anomaly. The structure 
proposed by me is: 

H 
; e 
/ 


/ Q9 





OH 


P 
N O 


N 


N 
` 


H 
Venkateswaran from Raman spectra studies of di-sodium-hydrogen . phos- 
phate has found the presence of hydrogen bonds. Hendricks and West 
have detected hydrogen bonds in potassium dihydrogen phosphate from 
crystallographic studies. These results support my conclusions. 


(iv) Boric Acid: 


The observed and calculated values of parachor of boric acid differ 
by about 7 units. Pauling from crystal studies states that there are hydrogen 
bonds in boric acid. Wells has also detected hydrogen bonds but he calls 
them as hydroxyl bonds and states that these bonds are weaker than the 
hydrogen bonds. I. Kabovec from Raman spectra examination states that 
these should be some kind of hydrogen bonds. This difference of 7 units 
in observed and calculated values of parachor can be due to hydroxyl bonds 
which are weaker. | i i 


The low solubility of boric acid in water gave some difficulty in 
calculating its parachor from the parachor of its solutions. This was over- 
come by applying the method of least squares. The equation to the best 
fitting curve was found out and putting the value of x=1 in it gave the 
value of the parachor. of pure boric acid. | 


— - - 
€— € 
2 e — 


STUDIES ON THE MORPHOLOGY, VIABILITY AND PRESERVA- 

TION OF POLLEN GRAINS OF MANGO (MANGIFERA INDICA L.), 

LITCHI (LITCHI CHINENSIS Sonn.) AND LOQUAT 
(ERIOBOTRYA JAPONICA Lindl.)* 


S. N. Sent . | 
Fruit Breeder, Govt. Horticultural Research Institute, Saharanpur. 


SUMMARY 


- The pollen grains are the carriers of hereditory characters and play a vital 
role in the evolution of new varieties. "They are also important in taxonomy, 
since the characteristic variations in pollen morphology aid in the classification 
of various genera and families of the plant kingdom. The review of avail- 
able literature has shown that while a good deal of work on the various aspects 
of the pollen grains of temperate fruits is on record, similar information in 
respect of tropical and sub-tropical fruits, particularly mango, litchi and loquat 
is rather scanty. With this objective in view, the present studies on the 
morphology, viability and preservation of the pollen grains of mango, litchi 
and loquat were undertaken at the Horticultural Research Institute, Saharan- 
pur during 1958-60 and the results are summarized below:— 


l. Studies on the pollen morphology of 50 varieties of mango, 10 of 
litchi and 12 of loquat showed similarity in symmetry, aperture, shape and 
size. The grains were isopolar, radiosymmetric, angulaperturate and 
3-colporate. Unlike litchi, the sexine in mango was slightly thicker than 
nexine, while in loquat it was as thick as nexine. The sexine pattern in mango 
was reticulate and in litchi and loquat, it was granulate. The shapes of the 
pollen of mango, litchi and loquat were sub-prolate, sub-prolate to prolate, 
and prolate, respectively. In size, the pollen of litchi (19:9 to 23:5 microns) 
and loquat (23:3 to 25 microns) belonged to the small spores class, whereas in 
mango, the grains of 29 varieties (25:1 to 28:3 microns) belonged to the 
medium spores class and of the remaining 21 varieties (23:5 to 24:9 microns) 
to the small spores class. 


In all the three fruits, the pollen were 2-celled at the time of shedding. 
The mitotic division leading to the formation of the vegetative and generative 
cells was clearly observed in the pollen grains of mango, varieties Baramasi, 
Safeda Malihabad, Fajari Gola and Rataul. 


. 2. Occasionally, some pollen grains of ‘giant’ size were observed in 
the varieties, Alphan and Asaujia Surkha in mango, Khatti in litchi, and 
Improved Golden Yellow and Improved Pale Yellow in loquat, showing 4 
germpores instead of 3, suggesting the formation of restitution nuclei with 
double the number of chromosomes. 


* Summary of the Thesis submitted to and approved by the Agra University, Agra for the 


Degree of Doctor of Philosophy in Horticulture. 
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.8. The examination of the pollen grains in aceto-carmine exhibited 
mean pollen sterility of 1:02 to 6:51 per cent in mango, indicating a negligible 
variation. In litchi and loquat, the percentage of imperfect grains was com- 
paratively higher and ranged from 8:04 to 48:39 per cent and 7:56 to 26:31 
per cent, respectively. Among the litchi varieties, Early Seedless (48:1 to 
48.39%) and Khatti (42:68 to 44:03%), and in loquat, varieties California 
Advance (24-32 to 26:3194) and Improved Golden Yellow (24-2 to 25:039) 
exhibited high percentage of defective pollen. The pollen sterility appeared 
to be due to the degeneration in the formation of the microspore or due to 
hybridity. ' 


4. The study ofthe atmospheric pollen revealed almost similar trend 

~ in the case of mango, litchi and lequat, and indicated that their pollen are not 
air-borne, thus showing the limitations of anemophilous pollinations in these 

fruits. ' | 


5. (a) The results of the experiments on pollen germination in mango 
in artificial media showed that the highest mean germination of 37:75 per cent 
and tube length of 122:84 microns were obtained in 25 per cent sucrose solution 
in the variety Samar Bahisht Alibagh after 24 hours of incubation at 28°C, 
while the variety Bombay Green gave the mean pollen viability of 39:69 per 
cent and tube length of 141:79 microns after 18 hours of incubation. The 
results obtained in 25 per cent sucrose solution were significantly superior to 
the remaining concentrations excepting 26 and 24 per cent strengths. Cón- 
centrations of 35 and 15 per cent gave the lowest pollen germination with no 
significant difference between them. There was, however; no pollen germi- 
nation in 0,5,10 and 40 per cent sucrose solutions in repeated tests. In ex- 
ceptional cases, high pollen germination of 44:57 and 52:18 per cent was 
observed on two dates in 25 per cent, sucrose solution. 


Germination tests with the pollen of 10 varieties of mango showed a 
varietal response. The varieties Samar Bahisht Alibagh, Bombay Green and 
, Bombay Yellow exhibited the highest mean viability of 37:56 to 40°78 per cent, 
_ and the varieties Romani and Rataul gave the lowest mean viability of 15°47 
. to 16:37 per cent with no significant difference between them. 


(b) In the case of litchi pollen, the highest mean germination of 
62:62 and 61°13 per cent was achieved in 15 per cent sucrose solution after 
4 hours of incubation in the varieties Rose Scented and Calcuttia, respectively 
and the results were significantly superior to the other concentrations. 35 per 
cent sucrose medium gave the lowest mean viability of 7-53 to 9-42 per cent. 
Similarly, sucrose concentration of 30, 1 and 0 per cent gave a low viability 
with no s'gnificant difference between them. In another experiment, the 
maximum mean germination of 63°42 per cent and tube length of 366°47 
microns were obtained after 4 hours of pollen-planting at 30°C. "Thereafter, 
there was no further increase in viability, although the pollen tubes continued 
to elongate up to 24 hours at 30°C and attained the length of 924-75 microns. 
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Of the 10 varieties tested for pollen viability, Rose Scented, Dehradun, 
Late Seedless, Calcuttia and Pickling exhibited the maximum mean pollen 
germination of 59:61 to 61:99 per cent, with no significant difference between 
: them, while.Early Seedless showed the lowest mean viability of 36:22 per cent 
only. Khatti and Gulabi varieties also gave a low germinability of 42°52 and 
45:87 per cent, respectively. Besides, the pollen collected from the staminate 
and pseudo-hermaphrodite flowers .exhibited viability of 61:54 and 48°33 per 
cent, respectively, whereas the pollen from hermaphrodite flowers indicated 
the lowest mean germination of 7:8 per cent. The anthers of the bisexual 
- flowers did not dehisce and hence their pollen was extracted by needle after 
anthesis. 


(c) Germination trials conducted with the pollen of loquat variety 
Golden Yellow showed that 1, 2:5 and 5 per cent sucrose concentrations gave 
the maximum mean viability of 79:14 to 79:92 per cent after 2 hours of 
incubation at 30°C; 35 per cent sucrose solutions exhibited the lowest germi- 
nation. Of the different varieties, the pollen of Pale Yellow gave the highest 
mean viability of 82:95 to 83:61 per cent in 1 to 5 per cent sucrose solutions, 
while Calfornia Advance showed significantly lower germination of 73:81 to 
75:2 per cent. The treatments—sugars, varieties and their interactions in- 
dicated significant differences. The viability of loquat varieties tested at 
- different periods of blossoming showed that pollen germination percentage and 
tube length were very low in the early and late blooms, and high during the 
mid bloom. It seems probable that the non-setting in- flowers during early 
and very late blooms is due to the lack of viable pollen. 


6. (a) The pollen germination tests in sucrose-agar medium in mango. 
variety Samar Bahisht Alibagh indicated that the maximum viability of 40°8 
per cent and tube length of 173:3 microns were obtained in 25 per cent sucrose 
solution containing 0:5 per cent agar after 24 hours of incubation at 28°C, 
while the variety Bombay Green showed pollen germination of 41:39 per cent 
and tube length of 160:29 microns. Though the addition of 0:5 per-cent agar 
enhanced pollen germination but it did not differ significantly from the . 
control. 


(b) In litchi varieties Calcuttia and Rose Scented, the highest mean 
pollen germination of 66:11 to 69°32 per cent and tube length of 404-15 to 
409-63 microns were obtained in 15 per cent sucrose solution containing | 
per cent agar, which were significantly superior to the other treatments. The 
next higher germination was observed in 15 per cent sucrose medium con- 
taining 0'5 percent agar. Among the agar levels, 1 per cent solution proved 
significantly better than the other concentrations, while in the sugar levels, 
there was no significant difference between 10 and. 20 per cent concentrations. 


(c) The germination of the pollen of loquat varieties. Golden Yellow 
and Pale Yellow in sugar-agar medium showed significant differences for the 
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sugar and agar levels. In the sugar levels, 1 per cent concentration gave the 
best results, but it did not differ significantly from 2:5 and 5 per cent 
sucrose solutions. However, all these concentrations produced higher pollen 
germination than 7:5 and 10 per cent strengths. Of the agar levels, 0'5 
per cent concentration gave the best performance and was significantly 
superior to the rest. | 


7. Inthe lactose medium, the mango pollen did not germinate, while 
the loquat pollen showed the highest mean viability of 66:28 to 66°85 per cent 
in 1 to 5 per cent concentrations. The pollen of 5 varieties of litchi, however, 
gave the maximum viability of 32:77 to 53°74 per cent in 15 per cent lactose . 
solution. 


8. The pollen of litchi exhibited the highest mean germination of 48:71 
per cent in 15 per cent glucose medium, though it did not differ significantly 
from 20 per cent concentration. In loquat, however, 5 per cent glucose solution 
showed the highest average pollen germination of 64°45 per cent, but it did not 
differ significantly from 10 and 15 per cent strengths. 


9. (a) Ofall the plant regulators and other pollen stimulants used with 
mango pollen, 20 ppm boric acid and borax gave the highest pollen germina- 
tion, which were closely followed by 10 ppm IBA and then by 20 ppm NAA. 
10 and 30 ppm concentrations of IBA and NAA gave lower viability than 
the control.. Allthe concentrations of the remaining plant regulators were 
ineffective and proved rather toxic. | | 


(b) In litchi, 20ppm boric acid and borax produced the maximum 
pollen germination and tube length, which were significantly superior to the 
rest, Concentrations of 10 ppm of IAA, 20 ppm of IBA, NAA, 2,4-D and . 
30 ppm of IPA and gibberellic acid gave higher pollen germination and tube 
length than the control. The length of the pollen tubes exhibited marked 
increase in boric acid and borax treatments. 2, 4, 5-T and colchicine were 
ineffective as compared to the control, due to toxicity. 


(c) In loquat, 10 ppm boric acid, borax and IAA gave the maximum 
pollen germination and tube length with no significant difference between 
them. Besides, 10 ppm NAA, 20 ppm IBA, 2,4-D, gibberellic acid and 
IPA also exhibited higher pollen germination than the control. Similar to 
mango and litchi, all concentrations of 2, 4, 5-T and colchicine produced inhi- 
bitory effect on pollen viability in loquat. | 


10. -The dry pollen of loquat incubated for 24 hours in a moist petri 
dish at 30°C, gave the mean viability of 23:83 per cent and pollen tube length 
of 87°68 microns by absorbing moisture. It indicated that the pollen in the 
flowers get readily spoiled in rains and on foggy days during winter, and 
thereby reduce the fruit-set. : 
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11. The observations on the open pollinated pistils in mango showed 

that 2:5 to 35 per cent stigmas received the pollen, and thus indicated that 
in nature over 65 per cent bisexual flowers remain unpollinated, whereas 
fairly high percentage of pistils in litchi are pollinated. In loquat, the ` 
carpels collected in early and late blooms exhibited that the lowest percentage 
of stigmas are pollinated in nature. The L. S. of carpels indicated that 


fertilization occurred in 48 hours in aang; and within 24 hours in litchi 
and loquat. 


12. The study of growth rate of the pollen tubes showed that the 
maximum growth was obtained after 12 hours ofincubation at 28°C in mango, 


while it was the highest in litchi and loquat at 30°C, and continued to 
elongate up to 24 hours. 


13. (a) The pollen storage trials in mango indicated that at the room 
temperature, the pollen remained alive for 12 to 20 days in desiccators and for 
8 days in the petri dish. At low temperatures, the pollen stored in desiccators 
exhibited the maximum longevity of 14 months under deep freeze (-239C), 
of 7 to 10 months at 0°C and of 5 months at 4:59 and 99°C. 0 per cent R. H. 
in the desiccators at 0°C and room temperature gave comparatively higher 
viability than other R. H. conditions, and 50 per cent R. H. did not favour 
the storage longevity, due probably to high humidity. 


(b) The litchi pollen stored at the room temperature remained viable 
for 3 to5 months in the desiccators and for 10 to 30 days in the petri dishes. It 
showed storage longevity of 31 and 15 months at -239 and 0°C, respectively. ' 
The longevity was, however, very low (9 to 12 months) at 9° and 4'5%C, The 
pollen sample of the variety Early Seedless gave comparatively much lower 
longevity than that of Calcuttia at all the temperatures, Of the various R. H. 
conditions maintained at the room temperature and at 0°G, 25 and 50 per 
cent R. H. gave the lowest viability. Among the pollen grains of varieties 
stored at-230 and in petri dish at the room temperature, Rose Scented 


pollen gave the highest viability, while Early Seedless showed the - lowest 
germinability. 


(c) The storage trials with loquat pollen showed that at the room 
temperature, they remained alive for 35 to 45 days in the petri dish and for. 
months in the desiccators. The pollen preserved at the low temperature 


. exhibited the highest longevity of 26 months at-239C. The pollen remained 


viable for 23 months at 0°C, for 17 to 19 months at 4.59C and for 12 to 16 
months at 9°C. The variety Pale Yellow showed better storage viability than 
California Advance and Improved Golden Yellow. 25 per cent R. H.at 


the room temperature and 10 per cent R. H. at oc gave higher EHE 
than the remaining R. H. conditions, 


14. The biological reactivity of the pollen of litchi and loquat was 
tested after 1 and 2 years ofstorage by field pollinations and subsequent fruit-set. 
Thus, encouraging results were obtained, which showed that the stored pollen 
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which was capable of germination was also capable of fertilization, though 
somewhat to a lesser degree than the fresh ones. l 


15. It is concluded that the deep freezing of the pollen grains of 
mango, litchi and loquat to temperatures below -230G may be used successfully 
to store them almost indefinitely. 


16. The future lines of work suggested are:— 


(a) Study of the meiosis in the varieties of litchi and loquat which 
have high pollen sterility may be taken up with a view to investigate the 
chromosomal behaviour. 


(b) About a dozen ‘pollen banks’ may be established at suitable 
centres for the storage of pollen of commercial and desirable varieties, which 
may supply the pollen at nominal charges to the breeding projects. The 
use of suitable refrigerated device for SERQIEOLUNE the pollen also needs to be 
attempted. 


(c) Methods to revive the pollen which dry out in transit or during 
use in the orchard and lose viability, by correct control of moisture and 
temperature, are also to be found out. 


INFLUENCE OF 2, 4-DICHLOROPHENOXY ACETIC ACID 
ON THE SEED QUALITY OF MAIZE! 


S. K. SINHA 
D. A. V. College, Kanpur. 
AND 
I. M. Rao? 
S. V. University, Tirupati, (A. P.). 


2, 4-Dichlorophenoxy acetic acid has been used as a weedicide by 
most of the workers but its property of beneficial effect on cereals has been 
clucidated only recently (Stromme and Hamner 1948; Bharadwaj and 
Rao 1955, 56; Sinha 1957; Sinha and Rao 1961). During last few years 
influence of 2, 4-D on the metabolism has also been studied. Mitchell 
and Brown (1945) observed depletion in available carbohydrates (Sugars, 
dextrins and starch) in . Morning Glory .after the spraying of 1000 ppm of 
2, 4D. In wild garlic Klingman and Ahlgren (1951) observed 
decrease in sugars and polysaccharides by the application of this chemical. - 
In the present study an attempt was made to determine the percentage of 
available carbohydrates in seeds of maize obtained from the plants raised 
from the 2, 4-D treated seeds. 


METHODS AND MATERIAL 


Seeds of Maize T 41 were obtained from the Economic Botanist 
U. P. Govt. Kanpur and were given a pre-sowing soaking treatment of 
24 hours in 0, 10, 100 ppm of 2,4-D. After the treatment period seeds 
were sown in pots filled with garden. soil on 24th June 1956, along with 
the dry seeds as Control. Three pots were alloted for each treatment and 
in each pot ten seeds were sown. Thinning was done at fortnightly and 
monthly intervals and ultimately only three plants per pot were left for 
seed production. Besides this Normal sowing, . a similar set was started on 
9th July 1956 as Late sowing. The pots were kept in a glasshouse. 


The seeds obtained from this experiment were analysed for reducing 
sugars, invert sugars and starch by gravimetric method following Loomis 
and Shull (1937). 


RESULTS 


Observations summarising the percentage of sugars and starch in the 
Table are based on air dry weight of seeds. 


l. -Part of the thesis submitted for the M. Sc, degree of Agra University, 1957. 
2. Formerly Assoc. Professor of Botany, Agra College, Agra. 


Be 
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Reducing Sugars—The reducing sugars were observed only-in the 100 ppm 
2, 4-D treatment of the Normal sowing. These sugars were completely wan- 
ting in other treatments including the Control. 


Invert sugars—Amount of invert sugars decreased with the supply of 
2, 4-D. It is interesting to note that no fluctuation occurred in the 
Controls of the two sowings but in 0 ppm amount of invert sugars decreased 
in the Late sowing. The percentage of invert sugars in 10 ppm and 100 ppm 
increased in the Late sowing as compared to the Normal sowing. 


Starch—By the application of 9, 4-D the starch content of the seeds 
remained almost unchanged. 


DisaussIon 


In the present study an attempt was made to find out the changes in 
sugars and starch contents of the seeds obtained as a result of the 2, 4D 
treatment. In both Normal and Late sowing percentage of invert sugars 
reduced to a little extent while in 100 ppm (Normal sowing only) reducing 
sugars were obtained. The percentage of starch remained almost unaffected 
except by 0 ppm and 100 ppm (Normal sowing). Thus it appears that 
2, 4-D has no influence on the total available carbohydrates of the seeds. 
However, Sinha (1957) observed beneficial effect of 2,4-D in low 
concentration (0,1 and 1 ppm) on the seedling growth of maize. The 
- higher concentrations of 10 and 100 ppm significantly inhibited the 
growth. Sinha and Rao (1961) reported enhanced rate of respiration of 
maize seedlings by 1 ppm of 2, 4-D and a decrease by 10 and 100 ppm. 
Thus it is evident that 2,4-D does influence various physiological processes 

but in the later stages the effect does not seem to continue. | 


SUMMARY 


The effect of pre-sowing soaking treatment of 2, 4-D on the available 
carbohydrates of the grains has been studied in maize. The results observed 
indicate that available carbohydrates are not affected by the 2, 4-D treatment. 
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TABLE 
Effect of 2,4-D on the quality of seeds of maize indicated by the percentage of 
sugars and starch. 





Normal Sowing | Late Sowing 
Chemical analysis 
of seeds (95) 





Pre-soaking in 2,4-D Pre-soaking in 2,4-D 







Control | 0 ppm | 10 ppm |100 ppm | Control | 0 ppm |10 ppm |100 ppm 






Reducing sugars — — — — 
Invert sugars 2.9 3.6 0.3 — 3.1 0.6 1.9 2.7 
Starch . 81.8 | 71.2 | 79.8 | 72.9 82.6 | 72.5 | 79.7 | 78.4 
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Rheology plays an important role in adhesives and adhesion. 


In this thesis an attempt has been made to understand the part Seg 
plays in adhesives and adhesion. 


l The study, Teie was extensive and covered a wide range of adhesives 
` and involved the development or adoption of suitable techniques for the study 
of the rheological properties in adhesive solutions, adhesives, films, processes 
taking place during gelling of adhesives and properties of set adhesives. 


Viscosity plays an important role in adhesion and adhesives. If the 
adhesive is too thick it is difficult to spread. If too thin it may penetrate 
(the permeability of the wood will also play an important role) and cause 
starved joints. Correct viscosity may help chain segments approach quite 
closely the interface. The correct thickness of the glue line will depend on 
the spread, viscosity and pressure. E 


- In the present work the interesting observation that cold setting CNSL 
resin is dilatant, was made. The variation of viscosity with time with para- 
formaldehyde content of over 8% may be described as follows: — 


/ 
n'=n ent, 
O 


The glue line thickness will be proportional to Ya and penetration will be 
governed by Poisseule's law. On plotting viscosity/time in log/log scale below 
1696 paraformaldehyde content the results are represented by two straight 
lines suggesting ‘pregelation’ (mechanism Gene by ipid With 16% no 
pregelation is noticed. 


er 


The time Gabon for the adhesive system to attain yield values aud the - 
yield values obtained run parallel to the findings of glue adhesion tests. With. ` 
thermosetting condensates:it was noticed that the viscosity of 3x 10% RWS 
was satisfactory with C. N. S. L. - Xylol resin whereas with C. N. S. L. - - phenol, 
very much lower viscosity is required. 


A study of the role of extractives has yielded valuable information, With 
casein glues the role of extractives on viscosity confirmed the earlier indica- | 
‘tions of Handa and Sodhi. This was particularly striking with C. N, S. L. 
resins where a close and striking parallelism between development of viscosity, 





* This is a summary of the thesis submitted to and approved by the Agra University, 
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yield value and glue adhesion strength was bed and thus the role of 
surfaces in adhesion amply Cra 


As not much data is available on iie use of the LangnzuicAdám-Ridiel-" 
_ technique, in the study of adhesives, some preliminary investigations reported in 
the study indicate possibilities. | 


Membranometric measurements first süggested by Ostwald for the ys 
of films on liquid surfaces have been applied for the first time to adhesives, and 
the results obtained in the present study clearly show the value of this 
method for the evaluation of adhesives, especially the development of tack. 


It is necessary that adhesives when applied to the adherend surface spre- 
ads to form a continuous thin film. Adhesives are also available in film form. 
Therefore, a study of the properties of adhesives in film form formed an 
important part of the thesis. 


The apparent modulus of rigidity of the film was found to increase with 
the load so that values extrapolated to zero load were used. With tempera- 
ture the rigidity of gelatin films decreases to 60°C, remains constant and 
then a slight increase above 90°C, ‘This suggested possible readjustments of 
structure in this region, On the other. hand with casein the interesting 
observation was made that the rigidity. showed a continuous increase upto 
100°C and then showed a fall. Prolamin showed a constant value upto 60°C 
and then fell rapidly almost flowing at 100°C. Examination of the apparent 
modulus without extrapolation to zero-load also indicated interesting results. 


Asis to be expected moisture decreased the modulus evidently due to 
plasticisation. Addition of 5% CNSL increased the modulus of rigidity of 
prolamin upto 20% R.H. Higher concentrations decreased the modulus at 
all humidities. 

The method of preparation of the film had a marked effect possibly due 


to orientation effects, stress concentration or presence of air bubbles, etc. . 


The tensile -strength of the films varied with the material, the highest 


value being obtained with gelatin followed by casein, the sowest value being 
that of prolamin. 


The product of the modulus of rigidity and log decrement was found 
to be constant as with wood. 


A study of the creep properties of the film also indicated interesting 
results. 


‘Studies on the influence of loading indicated plastic flow, the effect 
_ being higher with casein. Here also plasticisers increased the effect. 
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As the development of rigidity may be considered as an index of gel 
formation and strength, this was followed with interesting results covering a 
range of adhesives both natural and synthetic, viz., protein (animal glue, 
casein), resorcinol-formaldehyde, urea- Xotmisideli de tannin-formaldehyde, 
and cashew nut shell liquid-formaldehyde resins. 


The curves for development of rigidity with time are similar for (a) 
casein and tannin-formaldehyde and CNSL, (b) urea-formaldehyde and resor- 
cinol-formaldehyde, Those for gelatin are different in shape. With gelatin 
there is no chemical. trans. n “ation during setting whereas it was otherwise 
with the others, The difference between adhesive setting contributed by chemi- 
cal and physical mechanisms was also seen in the effect of temperature in that 
the development of rigidity and rigidity of gelatin decreased with temperature, 
With Aerolite on the other hand the rate was found to double for every 5 
degrees and also gave higher values with higher temperature. 


The development of rigidity with CNSL resins as influenced by para- 
formaldehyde content confirmed the results obtained in the viscosity studies 
in that a minimum concentration of at least 12% is necessary, there being a 
big jump from 14% to 16%, 


The jab joint tests with the glue also were found to run parallel with the 


rigidity values, 


The important role that wood extractives can play and which has not 
received sufficient attention so far was clearly brought out in these studies, 


Work done with gelatin gels is both of considerable theoretical and 
practical interest, especially as India has an established animal glue industry, 


The development of rigidity in gelatin gels was intensively studied 
and the influence of various factors, viz., purity, concentration, temperature 
and various additives including inorganic salts, acids, bases, alcohol, sugars, 
hydrogen bond ee etc. 


The kinetics of the E of rigidity was found to be highly 
concentration and temperature dependent. Being mainly a physical 
mechanism the rigidity falls with temperature. At 35°C at the highest concen- 
tration studied no gel formation takes place. The rigidity/temperature 
curves for all concentrations studied converge to a minimum value at 35°C. 
The presence of an inflection point with two straight arms in the rigidity 
concentration curve noticed indicates a pregelation mechanism, i. e., the gel 
formation takes places in steps. 


The work on the effect of ions, neutral molecules, etc., done is of im- 


portance in the use of animal glue for adhesive work and for evolving suitable 


, formulations. 
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. Work on depressants carried out not only brought forth interesting 
penes but enabled the development of thermosetting plywood glue formulae 
thus making a valuable contribution to the plywood industry. 


The gel formation mechanism of peody husk extract was tonnid to be 
similar to that of gelatin. 


. That the strength and durability of glue joints will depend on the 
| mechanical constants (elastic. modulii) of the adherend and adhesive and their - 

| chariges . with temperature and psychrometric conditions is well recognised .. 
and theoretical studies have been made by-Dietz et. al., De Bruyne, Thunell 
and others. In the moulding of plastics with thermosetting adhesives, stresses ` 
. caused by the differences in thermal expansion can cause severe stresses and ` 
Turner has shown, based on stress equilibrium, equations can be set up to 
calculate the coefficient of thermal expansion based on the fraction per cent 
by weight, density and the bulk modulii (or Young's modulit) and thus suit- 
able material added to the moulding powder. With glued wood products the 
swelling and shrinkage stresses can be considerable. Dietz et. al., have shown. 
that stresses as high as 2000 1bs./sq, in. may be developed. In the long time 
loading of glued members creep characteristics are of great importance, The - 
experiments carried out on this aspect therefore form a preliminary probe | 
into. BB important aspect. 


The strength RUE tests dh the set adhesives indicated that C, N. | 
S. L. gels are weaker than those of Urea-formaldehyde. Many factors, T 
time, temperature, formaldehyde content, wood extractives, etc., were found 
to affect the final strength. 


The la with C. N.S. L. resins indicate the possibility of | pore forma- 
tion with excess of formaldehyde or water vapour which may reduce the bond 
strength causing total failure, a point hitherto not given due consideration, 


The effect of extractives on the rate o setting, final strength and crazing 
of glue lines studied, is extremely important, cases have come to light of 
plywood delaminating during storage after some months. "Whether this is due 
to formation of a skin round the particles or other causes have to be studied. 


'The studies included the creep characteristics of C, N. S. L. resins. The 
Curves obtained are similar to those for perspex obtained by Marin (1949). 
The curves can also be divided into three parts, the instantaneous elastic 
strain, the transient creep strain and the steady state creep. 


The relaxation studies carried out also gave interesting results and it 
would be uséful to study creep and relaxation after different periodi of cure 
and if stress relaxation is so large as shown in the present experiments 


this may preclude the use of C. N.S. L, resins when continuous loading is 
anticipated, 
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The modulus of elasticity of the C. N. S, L. resin was found to be rather 
low. The work*was done on effect of repeated loading/unloading cycles of. 
stress (perhaps the first to be done on adhesive gels) and this confirmed the 
preference of paraformaldehyde to formaldehyde for this adhesive, They also 
suggested that possibly an oscillatory schedule in the manufacture of articles 
using this resin will be useful. : - 


+ 


INVESTIGATION OF PHYSICAL AND CHEMICAL FACTORS 
INFLUENCING THE ENZYMIC PROPERTIES OF PAPAIN*. 


. B. D. ATREYA © 
Tara Kuteer, Arya Puri, Muzaffarnagar. 


Papain is a proteolytic enzyme of great commercial -and academic 
interest. It shows a number of enzymic properties. Its activity has been 


. found to depend upon a variety of factors, physical as well as chemical. 
«Investigation of some such factors is the object of the present thesis. 


The thesis comprises an introduction and four chapters. The first 
chapter deals-with the study of the proteolysis of different protein substrates 
by papain, with special reference to the influence of the concentration of ` 
substrate and nature of the. buffer under different pH conditions, on this 
proteolysis. In the first section, the effect of seven different buffers, yiz., (i) 
boric acid-succinic ` acid-sodium sulphate-borax, - (ii) disodium hydrogen 
phosphate-citric acid, (iii) succinic acid-borax, (iv) acetic acid-sodium ace- 
tate, (v) boric acid-borax, (vi) potassium dihydrogen phosphate-borax and 
(vii) potassium dihydrogen phosphate-disodium hydrogen phosphate, on the 
hydrolytic property of papain against casein as substrate, has been studied 
at different pH’S and for different periods. It has been found that neutral 
or faintly alkaline solutions favour the hydrolysis of casein by papain. Most 
of the hydrolysis takes place during the first 48 hours, after which the amino 
acid content often remains the same. 


The soluble proteins of the seeds of Phaseolus radiatus, Phaseolus mungo, 
Cajanus indicus and Lens esculentum have been tried as substrates for papain, 
and the results are described in the second section of Chapter I. Regularly 
varying concentrations of the substrate have been taken and boric acid- 
borax buffer at pH =7.09, 7.60 and 8:08 has been used. It is observed that, 
the soluble proteins of Phaseolus radiatus, Cajanus indicus aud , Lens esculentum 
are broken down by papain within a range of pH =7:09 to pH — 8:08, but 
the proteolysis of the soluble proteins of Phaseolus mungo 18 optimum only at 
pH —7:60 and it is minimum at other pH. Moreover, within the range of 
pH —7:09 to pH —8:08, the mixture cotaining low concentrations of the 
above proteins show greater proteolysis at lower pH values of the mixture, 
and the mixture containing high concentrations of the above proteins show 
greater proteolysis at higher pH values.of the reaction mixture. At a const- 
ant pH greater proteolysis is observed with an increase in the concentration 
of the substrate and this is true for almost all the mixtures within thé 
concentration limits examined. 


* Summary of the thesis submitted for the Degree of Doctor of Philosophy of Agra 
University, Agra. 
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A study of the influence of casein concentration on the papain-casein 
reaction at different, hydrogen-ión concentrations, employing. boric acid-borate * 
and citric acid-phosphate buffers, has been made in the next section of this -. 
Chapter. Five different concentrations of casein viz., 195, 2%, 3%, 4% and 
5% have been tried as substrate. It is observed that the hydrolysis of casein 
proceeds satisfactorily at pH=7" 09 with 1, 2, 3 and 5% concentrations of casein . 
. when boric acid-borax is used as buffer. «With increasing pH value, the . 
mixtures containing smaller concentrations of casein become almost static with - 
very little change in their hydrolysates concentration, while média. containing 
high concentrations of casein show strong decrease in the initial conceritrations 
. of the hydrolysates during the first 24 hours, which i is followed by hydrolysis of 
_ the protein during the next 24 hours at pH —9-24, after which the hydroly-. i 
sates concentration ofall the reaction media falls gnid In reaction mixtures 
containing citric acid-phosphate buffers, the initial hydrolysates concentration 
_ is almost zero and it increases during the first 72 hours at pH=7 and 8, and 
becomes almost steady afterwards, These studies of proteolysis with. different 
concentrations of. casein indicate that different enzyme-substrate complexes are ' 
formed at different conditions of casein concentration, and that, these complexes | 
are differently affected by. the pH and also by the buffer PSP in the 
experiment. 


To study the influence of certain activators and inhibitors on the proteoly- 
tic activity of papain is the. theme of the second. chapter which includes three 
.sections. The first section deals with the effect of hydrogen peroxide, potas- 
sium persulphate, ascorbic acid and glucose on the activity of papain when it | 
has‘been activated by potassium cyanide, hydrogen sulphide, sodium thiosul- ` 
phate or urea. It is observed that sodium thiosulphate works as a weaker 
activating agent than potassium cyanide, hydrogen sulphide or urea. The 
presence of hydrogen peroxide or potassium persulphate inhibits the activation 
`of papain by all the four reagents tried. Glucose and ascorbic acid promote 
the activity of papain in presence of hydrogen sulphide or urea, but not in the 
presence of potassium cyanide or sodium thiosulphate. 


The effect of copper sulphate, silver nitrate, gold chloride, mercuric chloride 
and lead nitrate, on the activity of papain against the soluble proteins of Pha- 
seolus radiatus seeds as substrate, and the influence of 8-hydroxy-quinoline on 
this proteolysis has been studied in the second section of this chapter. It is 
observed that, -these metallic ions inhibit the proteolytic activity of papain, but 
to different degrees. On comparing the inhibiting effect of copper sulphate, 
_ silver nitrate and gold chloride it is found that silver nitrate is the strongest 
and gold chloride the weakest inhibitor of. the three. The inhibition by 
mercuric chloride is greater than that by lead. nitrate. Addition of increasing 
volumes of 8-hydroxyquinoliné solution ' counteracts the inhibiting influence 
of the a ions, 
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| In the next section of this chapter, the, effect of adding ripe papaya 
extract on the proteolytic property of papain has been studied. The concen- 
tration of papain in papaya fruits is maximum just before ripening, and 
during ripening its quantity continuously falls till it is zero when the fruit is. 
fully ripe. It is not established whether the quantity of papain actually 
diminishes in ripe papaya leading to reduced proteolytic activity, or this dec- 
rease is due to deactivation of the enzyme by some inhibitors formed during 
ripening. It is here observed, that the juice of the ripe papaya fruit acts as 
an inhibitor of proteolytic activity of the enzyme present in the extract of raw 
papayas. The soluble proteins of the powdered seeds of Cicer arietinum were 
used here as substrate for the enzyme under study. The inhibitory effect of 
the juice from ripe papaya fruits is found to be more pronounced when smaller 
volumes ofit are tried as inhibitors. 


— "The influence of some organic activators and inhibitors on the proteoly- 
tic activity of papain has been studied in the third chapter, which comprises 
three sections. The first section deals with the influence of amines on the 
proteolysis of casein by papain. The amines tried are: aniline, aniline 
hydrochloride, aniline sulphate, o-toluidine, m-toluidine, p-toluidine, a-naph- 
thylamine, £-naphthylamine, phenylhydrazine, phenylhydrazine hydrochloride, 
dimethylaniline, diethylaniline, diphenylamine, piperidine, pyridine, triethyl- 
amine and o-phenylenediamine. It is observed that, these monoamines can be 
classified into three groups according to their influence on the proteolytic 
activity of papain against casein. The first group consists of such amines 
which decrease the hydrolysis of protein in the beginning, but increase it 
afterwards. These are: aniline, aniline hydrochloride, o-toluidine, and 
phenylhydrazine. The second group includes such amines which indicate 
activation in the early period of hydrolysis, but have definite inhibitory influ- 
ence afterwards. This group includes m-toluidine, a-naphthylamine, phenyl. 
hydrazine hydrochloride, dimethylaniline, and o-phenylenediamine. The third 
group of amines has no influence on the hydrolysis of casein by papain, and 
includes aniline sulphate, . p-toluidine, P-naphthylamine, diethylaniline, diph- 
enylamine, piperidine, pyridine and triethylamine. Pow 


This aspect of amine influence on the proteolysis by papain is extremely 
interesting because of its apparent resemblance to the biological property. of 
counteracting the effect of a change in the environment. The counteracting 
inhibitory influence produced in this mixture of papain for amine, which 
first produces a null point and then converts it to activation and, also the 
activating influence, formed in the reaction mixture containing papain for 
amine which first reduces the activation to zero and then makes it inhibitory, 
closely resembles the typical biological property. The detailed investigation 
of the mechanism of this counteracting of an external chemical factor shall be 
of great interest in the study of the Origin of Life to explain the development 
of the property of adaptability in the protoplasm. 
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Study of the influence of amino acids and amines on the proteolytic 
activity of papain has been aimed at in the second section of this chapter. 
‘Many proteins are known to react with peptides and amino acids forming 
definite complexes. The protein molecules thus modified, undergo changed 
chemical proteolysis by enzymes. It was naturally of interest to study the 
proteolysis of casein by papain in the presence of some amino acids. Glycine 
and L-tyrosine have been tried here. It is observed that their presence in 
the mixture containing casein and papain, enhances the proteolysis of casein’ 
at pH =7:09. But, at pH =8-08, though glycine indicates ‘an activation 
throughout the period of 120 hours, the mixture containing Poem shows a 
definite inhibition in the beginning and towards the end. 


In some: pcia described under this section, amino acids athe: 
singly or in combination with other amino acids, have been used as the 
substrate for papain, in the presence of B-naphthylamine, phenylhydrazine 
hydrochloride and dimethylaniline. The amino acids tried as substrates are: 
(i) glycine and (ii) glycine-glutamic acid mixture. It has been found that, 
f glycine is the substrate, and the reaction mixture contains papain, and 
B-naphthylamine, phenylhydrazine hydrochloride or dimethylaniline, there is 
a considerable decrease in the amino acid content of the mixture at both the 
pH values 7:09 and 8:08 tried in the experiment. This decrease is more 
pronounced at pH =8: 08. The diminution in acidity is due to the for- 
mation of peptides which subsequently get hydrolysed after 48 hours. No 
such decrease in the amino acid content is observed if the mixture contains 
glycine, together with glutamic acid at both the pH mentioned above. 


The effect of anthraquinone, benzoquinone, hydroquinone and resorcinol, 
added individually on the hydrolysis of casein by papain has been the subject 
for study in the next section of this chapter. It has been observed, that 
quinones and phenolic compounds act as inhibitors in the hydrolysis of casein 
by papain. The enzyme develops some resistance towards the end against 
the inhibiting effect. Larger concentrations of casein do not favour the action 
of the inhibitor. Hydroquinone and benzoquinone work better as inhibitors 
than anthraquinone or resorcinol. Keeping the, quantity of hydroquinone 
- constant, low concentrations of the enzyme do not indicate appreciable inhibi- 
tion but, if the concentration of casein is increased, the inhibition is stopped. 
This shows that hydroquinone reacts with casein, forming casein-hydroquinone 
complex, which is not easily hydrolysed by papain. However, with the increase 
of the period of enzymic action, the metabolites formed by the hydrolysis of 
free casein take up the hydroquinone group of the casein-hydroquinone com- 
` plex and leave the casein free. This is indicated by the fact that the inhibi- 
tion caused by hydroquinone diminishes with increasing period of enzymic 


action. 


The last chapter of the thesis includes a study of the influence of sequ- 
ence of addition of some substances on the action of papain, and investiga» 
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tion of the formation of papain-enzymoid. In the first section dealing with the 
effect of sequence of addition, an aqueous extract of gram flour (powdered 
seeds of Cicer arietinum) or a casein solution has been tried as the substrate for 
papain, and aniline, aniline hydrochloride, aniline sulphate or triethylamine 
as inhibitors. It is observed that there is marked influence of the 
sequence in which enzyme and substrate are added to the inhibitor. 


Generally, there is greater inhibition when enzyme is added in the last to the 
substrate—inhibitor complex. 


Gurwitsch reported in 1938 about the formation of ‘enzymoids’ when 
enzymes are allowed to stand in very dilute solution of glycine for varying 
periods. This possibility was investigated for papain in the second section of 
this chapter. The milk-clotting property of papain was tried as a basis for 
establishing the formation of ‘papain-enzymoid’. It was observed that, if a 
dilute solution of papain is further diluted with 0:5% glycine —H,§ solution, the 
milk-clotting property of the enzymic solution decreases at first with the incr- 
ease in dilution, but after a few dilutions, the milk-clotting property increases 
with increasing dilution. This enhancement in the milk-clotting property is 
greater when the solution is allowed to stand in diffused light for 30 or 60 
minutes after dilution, than the case in which the freshly diluted solution is 
added to milk without keeping. It has been postulated that, the increase in 
milk-clotting property of the enzyme at such great dilutions as tried here, is 


due to the formation of some milk-clotting compound which has been named 
‘enzymoid of papain’. 


SEARCH FOR NEW AMOEBICIDES* 


S. N. SAWHNEY] ' 
Madhava College, Ujjain. 


Amoebiasis—a disease caused by protozoa Entamoeba histolytica has been 
a major health hazard in the tropics. The drugs that are available are eme- 
tine, emetine bismuth iodide, chiniofon, vioform, diiodoquin,  carbarsone, 
thiol derivatives of carbarsone oxidg, milibis and chloroquin. Emetine stands 
out as the most potent of all the drugs tested clinically and thus remains out- 
standing in the treatment of amoebic dysentery, hepatic abscess and chronic 
amoebiasis. Nevertheless, it cannot be classed as an ideal drug because of its 
cumulative toxic action, its narrow margin of safety and its inability to kill the 
encysted form of E. histolytica. This necessitates the search for a substitute far | 
Superior to emetine. 


Emetine was formulated by Brindley and Pyman (7. Chem. Soc., 1927, 
1067) as (1) but is now more correctly represented by (II) as shown by the inves- 
tigations of Robinson (Nature, 1948, 162, 524), Pailer et al., (Monatsh, 1949, 
80, 94) and Battersby and Openshaw (Experientia, 1949, 5, 398; J. Chem. 
Soc., 1949, 3207). Emetine is more active in vivo than in vitro, which furnishes 
every reason to believe that emetine does undergo some degradational changes 
in the body, though attempts to locate this change have been futile. 


"7€ 
CH, Me 
^ =O Me 
1190 NH N | 
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Meo 
MeO sai 
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(11) 
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Based on the hypothetical fission of the emetine molecule, along different 
lines of cleavage, several amines have been synthesised and examined for their 
. amoebicidal activrty (Child and Pyman, 7. Chem. Soc., 1929, 2010; 1931, 36; 
Pyman, Chem. € Ind., 1937, 56, 789; Goodson et. al., Brit. 7. Pharmacol., 1948, 
3, 49; Goodwin et al., ibid,. 1948, 3, 63; Sugasawa, J. Pharm. Soc. Japan, 1949, 
69,9; Hall et. al., J. Chem. Soc., 1950, 1842; 1952, 149; Mahboob and Dhar, 
J. Sci. Industr. Res., 1955, 14B, 1; Osbond, 7. Chem. Soc., 1951, 3464; 1952, 
4785; 1959, 2157; Paul and Nitya Anand, 7. Sci. Industr. Res., 1958, 17B, 
219; Fancher et. al., F. Amer. Chem. Soc., 1958, 80, 1451; Sen and Arora, Jour. 
Indian Chem. Soc., 1959, 36, 349). Only a few compounds especially «— k— 
tetra—n-amyldiaminodecane (T. A.D. D, OD, prepared by Pyman loc.. 
cit.,) showed a high order of activity tn vitro but only feeble'activity tn vive (Good- 
win et al., Brit. $. Pharmacol., 1948, 3, 44). 


(T) 


The same line of approach was adopted by Kachru and Pathak (Jour. 
Indian Chem. Soc., 1957, 34, 611; 768) who synthesised B and a-(2-alkyl— 
4:5—dimethoxyphenyl) — ethylamines (IV) and (V) as possible hypothetical 
cleaved fragments of the emetine formula. These amines were tested by Kaushiva 
(J. Sci. Indusir. Res., 1957, 16C, 224) who reported the highest zn vitro activity 
in hexyl derivatives (comparable to emetine). Moreover, the B—amines 


Med R Meo R 


(Iv) (Y) 


were found to be more active than their X-analogues. Based on these 
observations, it was considered worthwhile to prepare structural analogues of 
the above amines with different phenolic moiety and to examine their amoe- 
bicidal activity. This would help in locating the seat of activity in the amines 
described by Kachru and Pathak (loc. cit.). Moreover, since the B-substi- 
tuted amines were found to be comparatively more active than their «-isomers, 
the activity would be expected to increase by removing the basic centre still 
. further away from the nucleus by one and two carbon atoms. The 1000WIBE 
four types of amines have been synthesised for this purpose, 
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CH.GH, — | CH, CH,- NH, 
| Nit mE 
j Meo MeO 
RC | A 
(Yi) | (vw) 
MeO | MeO 
R | ©. R 
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The thesis contains the synthesis of (VI), (VII), (VIII) and (IX) des- 
cribed in Parts I, II, III and IV respectively. 
Synthesis of «-(3-alkyl-4-methoxyphenyl)-ethylamines (VD): R=CHg, C,Hg, 
n-C,H,, n-C¿Hy, n-C5Hy,, n-C,H44 and n-C,H,.. 
These amines were synthesised by the route as shown below: 


= me 
. 


RTOCe Frias yeaciión. ar rente 
Ho RCo.6 ALC, HO vea ction 


HO 
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ov 
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o-Cresol was methylated with dimethyl sulphate in the usual manner to 
obtain o-cresyl methyl ether (A, R=CH,). To obtain other o-alkyl anisoles 
viz., (A, R 2 C4,H,, n-C¿H,) from phenol, the latter was esterified with appro- 
priate acid chloride and subjected to Fries reaction. The resulting o-hydroxy 
ketones were recovered by steam-distillation, reduced according to the Clem- 
mensen procedure and then methylated. The higher alkyl anisoles were ob- 
tained by Friedel-Crafts acylation of phenol, followed by Clémmensen reduc- 
tion and methylation. 
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o-Alkyl anisoles (A) were subjected to Friedel-Crafts condensation 
with acetyl chloride to yield the ketones of the type (B). These were con- 
verted into the oximes and reduced by sodium and alcohol to the corresponding , 
amines (VI). The amines were examined as their hydrochlorides. 


Synthesis of B-(3-alkyl-4-methoxyphenyl)-ethylamines (VID) : R=CH,,: OH, 
n-C3H,, n-C, Hag, n-Cs Hy, n-CgH, 5 and fi- Cg H;,. 


The following route has been adopted for the synthesis of these amines: 


Galfee oes . Pe Sado CH=CM-NO, 
odilohrda aynthaaes ) LaL i) 
posten Ma, [o * Map enu on 
R 


ay | QD) (E) 


o-Alkyl anisoles were subjected to Gattermann’s aldehyde synthesis as 
modified by Adams and Levin to obtain  3-alkyl-4-methoxybenzaldehydes. 
This procedure involves the use of zinc cyanide instead of the hazardous hydrogen 
cyanide. The resulting aldehydes (D) were condensed with nitromethane in 
the presence of dilute alkali to yield nitrostyrenes (E). Some nitrostyrenes 
separated as yellow crystalline solids while others were isolated as viscous 
oils which were as such reduced with lithium aluminium hydride. The amines 
(VII) were isolated either in the form of their hydrochlorides or as picrates. 


Synthesis of y —(3-alkyl-A-methoxyphenyl)-n-bropylamines (VIII) : R=CH,, 
C4 H;, 2-C3H,. - 


These amines were synthesised by the following route : 


Friedel - Cra pt, CO. Cu, CH, L00H (CHz),-COooH 
¥eaclon (Bar 
CHo o ENG cuo vedue Gan CH 
R H,.Co 7° È R 
A) + etd, (Fr (Gt 


Uy), CON 
Nia, (Y referee, (qu) 


o-Alkylanisoles were condensed with succinic anhydride in nitrobenzene 
solution in the presence of anhydrous aluminium chloride to yield the COrres- 
ponding ketoacids (F). Solvents other than nitrobenzene e. g., carbon disul- 
phide and s-tetrachloroethane, were also tried but the yields were very poor. 
The keto acids were reduced by the Clemmensen reduction in the usual way 
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in toluene solution. Subsequent conversion to the amide was achieved by. 
passing a current of dry ammonia through the molten acid at 200° for two 
hours. The production of the amines (VIII) from the amides was done by the 
application of Hofmann's hypochlorite reaction. 


Synthesis of 8- -(S-aliy--methonypheig-n-ulylamine oe R=CH,, C,Hs, 
n-C4H, and n- G Hp. 


(Cra), co "E 
cu O 
3 


y-(3-alkyl-4-methoxyphenyl)-n-butyramides (H, R=CH;, C,H,, n-C,H, 
and n-C,H,) have been obtained as intermediates‘in the synthesis of y-(3-alkyl- 
4-methoxyphenyl)-n-propylamines. These amides were reduced by lithium 
aluminium hydride in anhydrous ether to the corresponding amines (IX). The 
amines were isolated as hydrochlorides. 


Pharmacological findings : 


-Amoebicidal testing (in vitro) ipf some of the selected compounds. of all 
_ the four series was undertaken at the Gentral Drug Research Institute, Luck- 
now. 8-(8-Alkyl-4-methoxyphenyl)-n-butylamines have ‘been found to be 
promising. The activity: increases in general with the rise in the molecular 
weight in all the series. Amoebicidal testing (in vivo) of these amines is under 
investigation, 


THE HEAD-SKELETON 'OF SILONIA SILONDIA (HAM.) 


-— 


- MANJULA RASTOGI | 
Zoology Depariment; Meerut Mid Meerut, 


qRIBODUGMON E 


| On the advice of Dr. B. M. Sinha T——— on the head ¡bellos of 
Indian Schilbeid Fishes have been undertaken. . The family is interesting, as 
it is known from Oriental and Ethiopian regions only. It shows marked. 
affinities with the family me on one band and with family Siluridae on 
the other. = 


| The piesni work ; ig devoted to Abus silondia and investigations on other 
Indian forras will be taken in due course. 


Itis my pleasant duty to hank Dr. B. M. Sinha for his guidance in- 
the work and to the authorities of the college for providing the necessary 
-facilities. l 

T 

Tue HEAD SKELETON 


- The skull of Silonia silondia is a complex structure composed of the RS 
ing and investing bones. It is platybasic and fenestrated. 


7 


The skull is wedge-shaped with three suedian: nnde and a pair of 
temporal fossae. The fontanelle lie one behind the other in the ethmoidal, 
frontal and occipital regions, while the e Tenpora fossae are cien to the 
Orei pital and auditory Region: 


The Occipital Region : oe 
The occipital region consists of the -usual four replacing bones, the 
supraoccipital above, basioccipital below and exoccipitals on the sides. 


- 


The Supraoccipital (I, II, III, IV mid Vel) i is the largest: of the occipital. 
bones and projects behind into the supraoccipital spine. THe bone may be 
distinguished into a vertically expanded part and the horizontal part. "The 
vertically expanded part is cleft in front and is produced into a pair of pro- 
cesses, which articulate with the frontals. The two processes and the cleft in 
between form the posterior two-third of the occipital fontanelle. The horizon- 
tal part contributes to the formation of temporal fossa articulating with the 
adjacent frontal, sphenotic, pterotic and exoccipital. From the junction .of 
the vertically expanded and horizontal parts and from. about the middle of the 
bone is given, on either side, a backwardly directed process, which unites with 
. .& process from the epiotic. The two processes together form a bridge over 
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the temporal, fossa and enclose the posterior vertical canal of internal ear. 
Behind the origin of the.process, the vertically expanded part is perforated | 
by a cleft passing from one 'side to the other, which is for the passage of the 
occipital commissure of lateral line system. Beneath the bone lodges a part. 
of the anterior vertical canal of internal ear. 


"The exocctpital 4, I1, II, iv, and V-2) is an irregular bone, which alone 
takes part in the formation of foramen magnum. - It gives off a vertical neural 
plate, an. outwardly directed inclined plate and a feeble inwardly running. 
horizontal plate. The neural. plates from. the two  exoccipitals «meet dorsally 
to form the dorsal ‘and lateral boundaries of. the foramen magnum. The 
inclined plate is directed downwards and encloses a' vacuity between it and the 
main bone, through which pass the glossopharyngeal and vagus nerves. The - 
inclined plate meets the neural plate on the outer side and, the two enclose a 
- foramen for the posterior vertical and horizontal canals of internal ear. From 
the inner side of neural plate arises the horizontal plate, which meeting the one . 
of the other side forms the floor of foramen. magnum and the roof of cavum 
sinus imparis. On the posterior side of the bone and along the inner aspect 
of the vacuity is an aperture for the first spinal nerve and below this aperture 
ig an articular surface for the basioccipital. 


~ 


l " | 
The bone auala with the supraociipita, prootic, Bee epiotic 


e the basioccipital. 


The basioccipital (III, IV, and V-3) is well formed and bears a well ` 
developed occipital condyle at its posterior end. Beneath the condyle is given 
‘backwards a pair of accessory articular processes. On the dorsal side of bone 
are three depressions, a well developed median and two lateral. These 
. depressions together with similar depressions beneath the exoccipitals enclose 
the sinus endolymphaticus and pars inferiores of internal ear. The ventral 
surface of the bone is somewhat corrugated. Along this aspect on either side 
of the bone is a depression for. the inferior limb of posttemporal. 


i 


The bone articulates with the prootics and exoccipitals and it interdigi- 
tates with the parasphenoid. 


The Auditory Region: 


' The auditory region is formed of four replacing bones the prootic, epiotic, 
sphenotic and pterotic, the opisthotic being absent. 


The prootic (III, IV and V-5) is a flattened bone on the ventral side of 
auditory region. Its inner end in the posterior half is greatly thickened and 
is produced upward into a projection, from the inner side of which is given a 
transversely directed ridge. Along the posterior side of this ridge lies a part 
of the horizontal canal of internal ear and through a tunnel below the ridge 
passes the anterior vertical canal ofthe ear. Behind the ridge and on the 
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inner side of the projection of the bone is a depression for the recessus utriculi. 
. Along the anterior face the bone is notched and the notch forms a part of the 
trigeminofacial fenestra. Behind the notch is a forameri through which emer- 
ges hyomandibular trunk'of facial nerve.: The two prootics articulate with 
each other in the middle line by their projections only. A small niche is left | 
between the projections and the Se ec which ea the vestigial 
posterior: myodome. | 


The prootic articulates with the bosioccipital, exoccipital, .pterotic, sphe- 
notic and. pleurosphenoid. 


. The epiotic (1, 11, III, IV and y- 6) lies on the postero-lateral side of the . ` 


auditory region. It is formed of a ventral plate constituting partially the 
floor of temporal fossa and an upwardly directed process. The bone is traver- 
sed by a tunnel for the posterior vertical canal of internal ear. The epiotic 
articulates by its body with the pterotic, supratemporal, poe and 
exoccipital, and by its process with the Pupraopcipital 


os The plerotic (1; tr, III, IV and V-4) is a flattened squarish bone on the 
postero- lateral side of auditory region. From the lateral side of the bone is 
given inwards a crest, which articulates with the sphenotic and supratemporal. - 
The bone is traversed by a tunnel through which passes the horizontal canal of 
internal ear. On the ventral aspect of the bone is a shallow groove, which is 
a continuation of a more prominent groove on the sphenotic. The bone 
‘articulates with the epiotic, exoccipital, prootic and sphenotic. 


The sphenotic (I, II, ITI and V-7) is the largest bone of the auditory 
region, situated in the antero-lateral part of the region. It consists of a thick 
basal part and a forwardly directed apical plate. The basal part is slightly 
depressed and forms a part of the temporal fossa. Along its ventral side is a 
groove, which together with that of pterotic gives articulation to the head of 
hyomandibula. The apical part contributes to the formation of the boundary of 
orbit and a notch on its outer side gives-articulation to the last suborbital- 
bone. The basal part articulates with the frontal, supra-occipital and pterotic, 
while the apical pan articulates with the frontal and lateral ethmoid, 


The supratemporal (I, II aad V-13) is a small flat: bone, which į is firmly 
articulated to the cranium and roofs partially the post temporal fossa, It 
articulates with the pterotic, epiotic and posttemporal. 


The posttemporal (1, II, TIL, IV and V-12) is a well developed bone, which 
secondarily fuses with the cranium and becomes more the part of the skull 
than the girdle. It consists of the main part and two limbs, a superior and 
an inferior. The main part of the bone carries a deep notch, in which is 
“received the dorsal limb of the cleithrum. The superior limb is stout and 
articulates with the supratemporal, epiotic and the pterotic, while the inferior 
limb is weak and abuts on the articular facet presented by the basioccipital. 


r 
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The Sphewidal RAUM e E | - | a a m 
The  Sphenoidal region is ossified by the paired: ptas and 


frontals ànd the unpaired orbitosphenoid and parasphenoid. The basisphe- 
. “noid is absent. The pleurosphenoids and orbitosphenoid. are replacing pone 


while others are investing ones. lm 


s 


- The frontal ( (I, 1, TII, IV. and V-) i is a fat fenestrated bone on thé 


The ibid (V-10) isa inp dE Bone? in , the Paleo part 


of sphenoidal region. Its upper surface is: deeply notched contributing to 


LI 
[oi 


the formation of optic foramen.. - On its lower side and at the ' postérior: 
end is a riotch, which forms part of: the fanestra for trigeminofacial complex, | 
The bone articulates Min the. orbitosphénoid, frontal, sphenotic. and PreoHe: 


The m (III, IV and V-11) isa. compound, bone formed by 
the fusion of the paired elements. It is situated in the anterior part -of the: 
- sphenoidal region. The bone is broad'in froit and "narrow behind and it is . 
hollow like a drain pipe for the passage of olfactory ` tracts. On the ventral . 
side of it'is a longitudinal groove for the. stem of parasphenoid. The bone. 
articulates with the-slateral .ethmoids, pu frontals, and para: eS 
| enm. Uus uH p Sr 


i LI 


Thé. nomm (IL IV and V. -9) i isa ins bone on the floor of ifie 


. cranium extending from the ethmoidal to the occipital region. It consists ofa 


rhomboidal body anda long forwardly directed stern, The body is elongated 


- -in the antero-posterior direction "and on its lateral side is a small notch, 
which. takes part in the formation of optic foramen: The body articulates 
with the basioccipital; prootics, sphenotics, while the stem with the. „Orbitos 


sphenoid and vomer, 


The Orbital Ririn E | 


- 


` 


| The orbits are large and each is bounded by the lateral ethmoid, spheno- 
tic and four suborbitals. The suborbitals áre splint-like bones, which extend 


.in a chain in front, below and behind the eye. Through the suborbitals 


passes the infraorbital trunk of lateral line system. 


Of the suborbitals the fourth is the largest, the third and second are 


small and the first is usually developed. | ee 


dorsal side of sphenoidal region. Its inner end’ drops down into a crest, which -_. 
“abuts on the pleurosphenoid arid orbitósphenoid. The posterior end of the. - 
bone is depressed to form part of the temporal fossa.. Mesially with the bone . 
"of other side it encloses a small fontanelle, The bone articulates with the 


“ethmoid, lateral cthmoid, TM and supraoccipital, E Ex 


~ 


+ 
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The ethmoidal region includes the unpaired ethmoid and vomer and the ` 
| paired lateral ethmoids, nasals and lacrymals, . The lateral: ethmoids are the 
. replacing bones, while the remaining are investing ones. 


The ethmoid (1, II, III, IV and VI- 1) lies on the dorsal side. of the 
ethmoidal region; It is a flattened plate-like bone: produced anteriorly. into 
a pair of dorsal horns. Tke bone separates. behind into a dorsal anda ventral 
- part. The dorsal part is very well developed and it is separated by a median | 
ethmoidal fenestra into two, processes, which articulate with the frontals. The 
ventral partis small and is produced in cnn into a pair of feebly developed. 
venta” horns. - : 

The dorsal and ventral parts are separated by a recess, which is divided 
by a median ridge into two lateral cavities forming the anterior, part of nasal 
capsules. The. bone articulates with the premaxillae, vomer and nasals. Its 
dorsal part articulates with the lateral ethmoids and frontals and the ventral 
part with the lateral cthmoids and vomer. | 

The lateral ethmoid q, IT, III; IV und V- 2) lies on its side of the ethmoid 
and frontal. It isa large fenestrated bone, which consists of an anterior head 
and a backwardly directed broad plate. -The anterior. extremity.of the head . 
is depressed to form -the posterior part of olfactory capsule. On the inner 
side of the head is'a vacuity, which forms part of the olfactory capsule. From 
the outer side and about the middle of the bone arises the aptorbitel process 
which forms the anterior boundary of the orbit. | 
l The bone a with the hama -palatine, ethmoid, frontal, yomer, 
m ectopterygoid. and sphenotic. .  ' - 


' The vomer lies on'the ventral side of the ethmoidal region. Itis a 
T-shaped bone consisting of a horizontal and backwardly directed limb. The 
horizontal limb bears vomerine teeth below. The backwardly directed limb is 
. slender and tapering and lies in the groove below the parasphenoid. The 
‘bone articulates with ethmoid, ectopterygoids, lateral ethmoids and ' paras- | 
phenoid.- 


- The nasals are splint- like tubular ‘bones superficially applied on ith inner 
side of olfactory capsule. Each lies along the outer margin of the ethmoid 
and in it terminates the supraorbital canal of lateral line system. 7 


The lacrymal is a small irregular bone which lies above the anterior head 
of the palatine’ and base of maxilla. “It is applied to the front end of first - 
suborbital. In.the bone - terminates the infra orbital canal of lateral line 


system. 
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"THE VISCERAL SKELETON 


The visceral skeleton consists of seven arches, the mandibular, hyoid and . 
five branchial arches, which encircle the buccal cavity and pharynx. | 


The Mandibular Arch: 


The mandibulàr arch is well developed and each half of it is divided into 
the palatopterygoquadrate bar and Meckel's cartilage. The palatopterygo- 
quadrate bars form the upper jaw, while the Meckels cartilages give rise to, 
the lower jaw. The palatopterygoquadrate bar is formed of five replacing 
bones, the palatine, ectopterygoid, entopterygoid, métapterygoid and quadrate 
and two investing bones the premaxilla and maxilla. The Meckel's cartilage 
is ossified -by two bones the angular and dentary, which are pany replacing 
and party dermal. 


= The palatine (I, II, III and IV-11) isa small bone, which lies oh the - 
inner side of the maxilla. It joins by front end with the maxilla and lateral 
‘ethmoid, while-its hind end is free, | | 


The pterygoid is absent and i in its place are the Ente cud ectoptery- 
goid and metapterygoid. l | 


The entopterygoid (VI-15) is a E comma-shixped boue which 1 is attached 
- to the front end of the metapterygoid. : 


~ 


The ectopterygoid (1, YII, IV and VI-13) isa ne bone with the broad . 
anterior and tapering posterior end. .The bone bears teeth on the lower side, 
which merge into those of vomer. It articulates with the vomer, sae i 
goid and lateral ethmoid. 


The melapieryg soid (I, IV and VI- 8) is a T plate-like bone md in 


front. It articulates in front with the lateral ethmoid and behind articulates 
with the hyomadibula and quadrate by interdigitation, 


The quadrate (I, Iv and VII- -3) is more or less rectangular bone situated 
below and on outside of the hyomandibula. Its lower apex is thick and bears 
‘an articular condyle for the lower jaw. The bone articulates with the meta- | 
pterygoid, hyomandibula and preoperculum. 


The premaxilla (1, 11, III, IV and VI-14) is a stout flattened bone, which 
together with the premaxilla of the other side forms the upper gape of mouth. - 
On the upper side of the bone is a shallow concave articular surface for the 
ethmoid and on the lower surface run a single row of teeth. .The pone gives 
articulation to the lacrymal and maxilla from its outer side. 


-The maxilla (I, IT, IIT and VI-10) is a small edentulous bone, which takes 
no part in the formation ofthe jaw. It has a bifid head and a backwardly 
directed process, It is attached to the premaxilla and palatine by the two 
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knobs of head. The bone is vestigial as the maxillary barbel, which it 
supports in catfishes, is missing in the fish. 


Md 


The angular (1, IV, and VII-2) is a stout proximal bone of the lower jaw. 
It bears in its proximal part a facet for the quadrate and articulates distally 
with the dentary. 


The dentary (I, IV and VII-1) is an equally stout, but curved bone, 
developed around the anterior two-third of Meckel’s cartilage. It meets in 
front in a symphysis with that of the other side and behind it ends in a fork, 
which encloses the distal end of the angular. 'The upper surface of the bone 
is provided with maadibular teeth running in three rows. 


The Hyoid Arch: 


The two halves of hyoid arch meet in the midventralline. Each half 
consists of the hyomandibula and the hyoid cornu. 


The Ayomandibula (1, IV and VII-5) is a prominent flattened bone, which 
hangs the jaws from the cranium. On the upper side it glides by a long head 
in the groove on the sphenotic and pterotic, On its posterior side is a knob for 
articulation of the operculum and above the knob,is a small ridge, which gives 
articulation to the preoperculum. The upper surface of the bone is provided 
with a foramina for the hyomandibular trunk of facial nerve. The hyomandi- 
bula articulates with the .metapterygoid, quadrate operculum and preoper- 
culum. The articulation of the jaws with the cranium is through the hyoman- 
dibula and the suspension is methyostylic, 


The hyoid cornu hangs from the hind end of the hyomandibula by interhyal 
and consists of four. bones, the epihyal, ceratohyal, and two hypohyals. The 
interhyal is a small rod-like bone. 

The epihyal (VIII) is a flattened bone, which aeda above with the . 

'interhyal and behind with the ceratohyal. Along its posterior edge it 
carries two branchiostegal rays. The ceratohyal (VIII) is twice as long as the 
epihyal. It is attached by its broad hind end with the epihyal -and by its 
narrow front end to the anterior hypohyal. It supports along its posterior . 
edge nine branchiostegal rays. The Aypohyals (VIII) are two small bones one 
behind the other, each attached by the base with the ceratohyal and by its 
apex with the hypohyal of the other side. The branchiostegal rays (VIII) are 
flattened curved rods, which are directed backwards and outwards, They in- 
crease in size and thickness from the first of the series to puig last and support 
the branchiostegal membrane. 


f 


On the underside of the hypohyals directed backwards is the prominent : 
urohyal. It is connected in front to the anterior hypohyal by its stem and ` 
widening behind ends into three unequal processes, a median long and a small 
on either side. It bears a long ridge on the dorsal surface, along either side 
. of which articulates the cleithral bone. | 
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one to the hyoid arch is a gill cover on either side. Each gill 
cover is formed of three bones the operculum, interoperculum and preoper- 
culum, the.suboperculum being absent. 


The operculum (1, IV and VII-6) is a flat triangular bone, the dorsal 
narrow end of which bears a, socket for the condylar head of hyomandibula. 
Its upper surface is marked with radiating ridges commencing from its apex. 
The interoperculum (1, IV, and VII- 7) is a scute-like bone applied to the poste- 
rior border of preoperculum. Its posterior border 1 is overlapped by the oper- 
culum. The preoperculum (1, IV and VII-4) lie3 along the posterior edge of 
the hyomandibula and quadrate, consisting of the main body and stem. The 
main body articulates by interdigitation with the. posterior edge of quadrate 
and the lower posterior edge of hyomandibula. The stem is applied to the 
upper posterior edge of hyomandibula, | 


A 


The Branchial Arches : 


Of the five branchial arches, the first four are of the usual type and the 
fifth is reduced. The upper half of each arch is ossified by the pharyngobran-. 
chial and epibranchial and the lower half by the ceratobranchial and hypobra- 
nchial. The pharynbranchials.(VIII) are four small rod-like bones, which hang 
the’branchial archés from the prootic. The first and second pharyngobran- 
chials are fused with their epibranchials while the fourth lies in front of the 
third. The epibranchials (VIII) are elongated bones, which are grooved on the 
upper surface and bear gill rakers on the lower surface. Over the fourth 
pharyngobranchial and the third and fourth epibranchials is an oval pad 
bearing -fine superior pharyngeal teeth. The ceratobranchials (VIII) are long 
curved bones more than twice as long as their epibranchials. Each is grooved 
on its lower side and provided with a double row of gill rakers on the upper - 
surface. The hypobranchials (VIII) are ossified on the first and second branchial 
arches only. They are in the form of oval pieces, which extend inwards from 
their ceratobranchials. l e , 


The basibranchials are ossified in the median cartilage, which extends 

from the hypohyals to the fifth pair of ceratobranchials. "There are only two 

ofthem in the form of small rods, the first in between the first and second pair 
of hypobranchials and the second behind the secood pair of hypobranchials. 


'The fifth arch is represented by its ceratobranchials only, which are 
| expanded and bear fine inferior pharyngeal teeth on their upper surfaces. 


SUMMARY 


1. The skull i 13 platybasic highly Feneateatad and iti i tedan 
fontanelle and a pair of temporal fossae. 


2, The opisthotic, parietal, DOO interhyal and symplectic | 
are absent. l | 


e 
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3. "The supraoccipital does not participate in the formation. of foramen : 
magnum, ` It has a well developed occipital spine and two postero- * 
lateral processes. ‘The postero-lateral process articulates with the 
process of epiotic and the two together form a bridge over the 
temporal fossa enclosing the posterior semi-circular canal of internal 
ear. : 


4. The prootics articulate through inwardly directed projections only. 
-= They leave a small niche in between them and the parasphenoid 
and basioccipital, which represents the vestigial mydome. The. 
groove’ for the. hyomandibula RENS to both the sphenotic and 
pterotic. 


5. The two orbitosphenoids fuse enclosing a canal for the, olfactory 
tracts. The lateral ethmoid is a very much cancellate bone lodging . 
the cavity for olfactory lobe. It articulates directly with the 
sphenotic, without the interruption of the frontal. 


6. The orbits are large and there are four suborbital bones. The vomer 
is.a T-shaped bone and is toothed. 


7. The maxillo-palatine element is not well developed as the maxilla 
is vestigial, and maxillary barbel is degenerate. l s í 


8. The metapterygoid is very well developed and ectopterygoid is: 
toothed. 


9. The angular and dentaries are alone developed on lower jaw. 


10. The ramus of hyoid arch has two hypohyals, an anterior and a 
posterior. The basihyalis absent. The first and second pharyna- 
gobranchials are fused with their epibranchials Over the fourth 


pharyngobranchial and the third. and fourth epibranchials is an 
oval pad bearing the superior pharyngeal teeth. The fifth branchial 


arch is reduced to a pair of ceratobranchials, which bear inferior 
pharyngeal teeth. : 
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The Hyobranchial Skeleton , 
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ENTOMOLOGICAL SURVEY OF THE HIMALAYA* 
PART XXIV—FounTH AND FINAL ANNOTATED ‘CHECK-LIST OF THE INSECTS . 
FROM THE NorTH-WEsT (Punjab) HIMALAYA.] 


SANTOKH SINGH 
School of Entomology, St. John’s College, Agra. 


This is the fourth check-list of the series. This brings the total number 
of species to 2420, belonging to sixteen Orders, and it is hoped that all the 
species so far known from the N. W. Himalaya have been listed. 


I take this opportunity for thanking Dr. M. S. Mani, Deputy Director, 
Zoological Survey of India, Calcutta, for help and keen interest in the work. 
Also I thank the authorities of St. John’s College, Agra, for facilities for work. 


Order COLLEMBOLA 


FAMILY HYPOGASTRURIDAE 


l. Onychiurus kultia Baijal, Agra Univ. J. Res. (Sci.), 5: 
*Gramphu (Chandra Valley) 12000 ft. 


2. Xenylla sincta Baijal, Agra Univ. J. Res. (Sci), 5: 
*Rhala, 8835 ft. 

- 3. Friesea maxima Baijal, Agra ‘Univ. J. Res. (Sci.), 5: 

*Gramphu (Chandra Valley) 12000 ft. 


FAMILY My.DONIIDAE 


. 4. Sinella montana Imms, Proc. Zool. Soc. London, pl. viii, fig. 48, pp. 101- 
102 (1912); Baijal, Agra Univ. J. Res. (Sci.), 5 : 

*Gramphu, Kulti Nal, Chhatru, Rhala 9000 ft., Marhi, 12000 ft., 
Hamta Gorge, 14000 ft. Badrinath, Garhwal Himalaya, Nilgiris. 


FAMILY ToMOCERIDAE D 


5. Tomocerus ocreatus Denis, Mus. Heude Notes Ent. Chin., 12 (17) : 220 
(1948); Baijal, Agra Univ. J. Res. (Sci.), (Suppl.), 4: 760 (1955). 
*Rhala, 10,000.ft., Marhi, 12000 ft, Manali-Rhala Road, 6000 ft.,. 
Rhotang Pass, 13500 ft, Gramphu, 12000 ft., Chhatru 11500 ft., Peak 
to the West of Rhotang Pass, : 15000 ft., Purana Khoksar Nal, - 12500 ft. 
Indo-China.  . | : 





* Contribution No. 91 from the School of Entomology, St. John's College, Agra. 

T The first three check-lists were published as parts IX, XII and XVII of the Entomo- 
logical Survey of Himalaya, in Agra Unio. J. Res. (Sci.), 4(2):471-512 (1955); 4(Suppl.): 
6 57-716 (1955); 5. 
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Order ODONATA | 
FAMILY LIBELLULIDAE 


Nanophya katrainsis Baijal, Agra Univ. J. Res. (Sci.), (Suppl.), 4 : 744 

. (1955). " (7 P 
* Katrain. : 

Orthetrum pruinosum - neglectum (Rambur), Ins. Neurop., p. 86 (1842) 
(Libellula); Baijal, Agra Univ. J. Res. (Sci), (Suppl), 4:744 (1955). 
*Kulu-Mandi Road, 3500 ft- Whole of India, Ceylon, Burma, Tibet, 
Indochina, Hong Kong, Nilgiris. 

. ` Orthetrum chrysostigma luzonicum (Braur), Verh. Zool. bot. Ges. Wien, 
18:169 (1868); Baijal, Agra Univ. J. Res. (Sci.) (Suppl), 4:745 (1955).- ' 
*Manali, 6500 ft. Throughout India, Ceylon, Philippines, South 
Asia, Java, and Sumatra. 

Orthetrum guptai Baijal, Agra Univ. J. Res. (Sci.) (Suppl), 4:746 (1955). 
*Manali, 6500 ft. e . 

FAMILY COENAGRIIDAE : 


Ceriagrion fallax (Ris.), Ent. Mitteil., 3(2) : 47 (1944); Baijal, Agra Univ. 
J. Res. (Sci.) (Suppl), 4:747 :(1955). i 
*Katrain Simal Hills : Sikkim; Assam; Bengal; Tibet. 

Archibasis sushmae Baijal, Agra Univ. J. Res. (Sci. (Suppl) 4 : 747 (1955). 
*Manali, 6500 ft.. | | 


Order EPHEMEROPTERA | 
FAMILY EPHEMERIDAE’ 


Ephemera consors Eaton, J. Asiatic. Soc. Bengal, 60 (2) : 412 (1892); Hafiz, 
RIM., 39 : 368 (1937). 
*Kulu. Sikkim. o E | l 
Ephemera remensa Eaton, J. Asiatic Soc. Bengal, 60 (2) : 410 (1892) : 
Hafiz, RIM., 39 : 368 (1937). 
*Kulu. Mussourie. 
Ephemera sp., Eaton, J. Asiatic Soc. Bengal, 60 (2) : 413 (1892). 
| TISSU, 


FAMILY HEPTAGENIIDAE 


Epeorus. psi Eaton, Trans. dine 206. (2) 3.2242 Or J. Asiatic Soc. — 
Bengal, 60 (2) : 413 (1892). 
*Kulu. l 
Epeorus sp., Eaton, P. Asiatic Soc. Bengal, 60 (2): 413 (1892). 
*Kulu. | 
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Order PLECOPT ERA ` 


F AMILY PERLIDAE- 


Coyptoperla. torva Needham, RIM.; 3 : 190 (1909). 
*Kulu. 3 
Neoperla indica Needham, RIM., 3 : 188 (1909). 
*Kulu. AMNEM UTE 
Perla duvaucelia Pictet., Hist. Nat. Nevr., , Perlids, pp. 258-9, pl. xxvil, 
fig. 1-2 (1847) : Needham, RIM., 3 : 189 (1909). 
*Kulu. . A p 
Perla ione Needham, RIM., 3 : 187 de | 
VESTE Kurseong. 
FAMILY PeRLODIDAR 


. Perlodes amabilis Jewett, Proc. Nat. Acad. Sci. ., Allahabad, 28 (B) : 320-329. 


*Manali 6000-6500 ft. 
FAMILY NEMOURIDAE 


Capnia manii Jewett, Proc. Nat. Acad. Sci ; Allahabad, 28 (B) : 320-329. 
*River Beas Valley near Marhi 11000 ft, Marhi 12000 ft. 

Leuctra nee magnicerca Jewett, Proc. Nat. Acad. Sci., Allahabad, 
28 (B) : 320-329. | 
*Kote 8000 ft. 

Nemoura (Amphinemoura) tricantha Jewett, Proc. Nat. Acad. Sci. Allahabad, 
28 (B) : 320-329. 

*Kote (Kulu Valley) 8000 ft. 

Nemoura Otay ampula Jewett, Proc. Nat. Ácad. Sti. Allahabad, 28 
(B) : 320-329. | 
*Rhala 8835 ft. ! 

Nemoura (Nemoura) cordata Jewétt, Proc. Nat. Acad. Sci., Allahabad, 28 
(B) : 320-329, ` e | | 
*Gramphu 11000 ft., Chandra Valley 11-12000 ft. 

Nemoura (Nemoura) punctata Jewett, Proc. Nat. Acad. Sci., Allahabad, 28 

` (B) : 320-329. I 
*Gramphu 12000 ft., Beas Valley near Marhi 11000 ft. 

M € 820-9 PU ME zu dione Jewett, Proc; Nat. Acad. Sci., Allahabad, 28 
s hen i 12000 ft; Rhala 9000 ft., 2 miles south of Rhala 10-11000 ft., 
Kulti Nal (Chandra Valley) . 11600 ft., Gramphu 12000 ft., Dhorni 
12000 ft., Beas Valley near Marhi 11000 ft., Pir Panjal Range opposite 
Kulti Nal 12000 ft., Rhotang Pass 13000 ft. 

Nemoura rahlae Jewett, Proc. Nat. Acad. Sci., Allahabad, 28 (B) : 320:329. 
*Rhala 8835 ft. | 


Rhabdiopteryx lunata Eus Ann. Mag..Nat. Hist, 18 (2) : 721-740 
(1946); Jewett, Proc. Nat. Acad. Sci., Allahabad, 28 (B) : 320-329, 


. *Kulti Nal 11600 ft., Chhatru 11500 ft., Hamta Jot 14500 ft., Kulu 
Valley. Tibet : Rongbuk 16500 ft., Everest Base Camp, Rongbuk 
Glacier. a l | 
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| Order TRICHOPTERA | 
¿FAMILY HYDROPSYCHIDAE 


Macronema hinini Betten, RIM, 3 : 232 (1909) 


“uli 
FAMILY CALAMOCERATIDAE 


Astocerus fuscipennis Albarda, in Veth’s Midden-Sumatra, 4 Ora DES 
= fig. l : Betten, RIM., 3 : 239 (1909). 

*Kulu. l 
remy PHRYGANEIDAE | 


Neuronia maclachlani White, Proc. Ent. Soc. London, P. 26 (1862), Betten; 
RIM., 3:242 (1909). 
Kilu Darjeeling, Shillong. 
Genus is found only in Asia, two other species are known from Japan. 


FAMILY PHILOPOTAMIDAE - 


Dolophilodes tibetana Kimmins, Arkiv for-Zoologi, 9 (2) : 89 (1956). 
*Kashmir, Prang 5000 ft. W. Tibet: Valley of Digar Polu, 14500 ft. 


FAMILY LIMNOPHILIDAE 


Platyphylax sp., McLachlan, II Yarkand Miss., Trichoptera, p. 3 (1878). 
*Leh. 
Stenophylax micraulax Mebacue®: II Yarkand Miss., Trichoptera, p. 3 ae 


*Leh. 
FAMILY RHYACOPHILIDAE 


Agapetus kahoa Kimmins, Arkiv. For Zool., 6 (8) : 176, fig. 11 (1953)" 
*Kashmir : Mamer. 

Agapetus sindis Kimmins, Arkiv. For Zool, 6 (8): 175, fig. 10 (1953). 
*Kashmir : Kangan, R. Sind 5795 ft. - a E 
Glossoma moselyi Kimmins, Arkiv. For Zool, 6 (8) : 172, fig. 5 (1953). 
*Kashmir : Srinagar, Harwan, R. Arrah. 


Order NEUROPTERA 
FAMILY ASCALAPHIDAE 


Ogcogaster segmentator Westwood, in Needham, RIM., 3 : 198 (1909). 
*Kulu, Mandi. 

Stylonotus obscurus Westwood, in Needham, RIM., 3 : 199 (19091. 
*Kulu, Mandi. 


FAMILY MYRMELEONIDAE 


Formicalao verendus Walk., in Needham, RIM., 3 : 200 (1909). 
*Kulu, Kangra Valley. Mussourie. 
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4. 


5. 


10. 


11. 


12. 


oe ds Walk., in Needham, RIM., 3 : 200 (1909). 
"*Kulu. Dehra Dun. l 

Myrmeleon marginicollis Gerst., in Needham, RIM., 3. : 200 (1909). 
*Kulu. 

Myrmecaelurus punctulatus Steven., in McLachlan, n rae Miss,, Neuro- 
ptera, p. 2 (1891). 
*Leh. Hungary, South Russia. 


FAMILY CHRYSOPIDAE 


Nothochrysa lefroyi Needham, RIM., 3 : 203 (1909). 
*Kulu. Layallpur, Pusa, Khasi Hills, Sibsagar. 


FAMILY MANTISPIDAR i 


Mantispa indica Westwood, in Needham, RIM., 3 : 195 (1909). 
*Kangra Valley 4500 ft. Sikkim, Upper Assam, Calcutta. ^ 

Mantispa lineolata Westwood, in Needham, RIM., 3:195 (1909). 
*Kulu. ; 

Mantispa quadrituberculata Westwood, in Needham, RIM., 3 : 195 (1909). 
*Kulu. Assam : Sibsagar. 


FAMILY HHEMEROBODAE 


Osmylus langi Mcl., in Needham, RIM., 3 : 206 (1909). 
*Kulu. Kurseong. 

Parosmylus prominens Needham, RIM., 3 : 209 ( 1909). 
*Kulu, Lahaul 10400 ft. 


Order ORTHOPTERA 
FAMILY ACRIDIDAE 


Sphingonotus fallax Fieb., in Mitshenko, Revision of Palaearctic species 
of the genus Sphingonotus Fieb. (Orth : Acrididae), Eos., 1936. ' 
* Kashmir. 


FAMILY LOCUSTIDAE 


` Leplophyes "—€— Brunner, Veh, Z.-b. Wien.; 41 : 70 (1891). 


* Kashmir. 
FAMILY GRYLLIDAE 


Gryllopsis terrestris (Sais, in Chopard, Ann. Mag. Nat. Hist., 16 (10) : 
288 (1935). 
*Kashmir : Gandarbal 5200 ft. 

Gryllus conscitus Walk., in Chopard, Ann. Mag. Nat. Hist., 16 (10): 
- 285 (1935). 
*Kashmir : Srinagar 5200 ft. Hazara, Abbotabad 4000 ft. 
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Liogryllus bimaculatus (De Geer), in Chopard, Ann. Mag. Nat. Hist., 16 
(10) : 285 (1935). 
.* Kashmir : Gandarbal 5200 ft. Kodaikanal, Palnis 7000 ft. 


- Order HETEROPTERA 
FAMILY PENTATOMIDAE 


Acanthosoma forfex Dall., List Hem., 1: 308 (1851). Distant, FBI, 
Rhynchota, 1 : 317 (1902). 
*Murree. m | 
Acanthosoma proximum Dall; List. Hem., 1: 303 (1851) : Distant II 
Yarkand Miss., Rhynchota, p. 3 (1879). FBI,  Rhynchota, 1 :315 
(1902). ‘ 
*Murree. North India. | A EE: 
Bagrada picta (Fab.), Syst. Ent., p. 715 (1775) (Cimax); Distant FBL., 
Rhynchota,.1 : 193 (1902). | l 
tMurree. Hardwar, Bengal : Tirhoot, Calcutta, Manipur Bombay; 
Ceylon; Bagdad. E | 
Cydnus maurus Dall., List Hem., 1: 118 (1851) (Aethus); Distant, II 
Yarkand Miss., Rhynchota, p. 3 (1879); FBI., Rhynchota, 1 : 92 (1902). 
*Jhelum Valley. Throughout Hindostan, Ceylon, Paradeniya. 
Dalpada confusa Dist., IY Yarkand Miss, Rhynchota, p: 4 (1879); FBI., 
Rhynchota, 1 : 115 (1902). 
*Murree. ! | E "M ; 
Dalpada tecta Walk., in Distant, II Yarkand Miss, Rhynchota, p. 4 
(1879). 
*Murree. Sylhet. l 
Elasmostethus asperum Walk., Cat. Het., 2 : 395 (1867); Distant, FBI., 
Rhynchota, 17:330 (1902). 2 l 
*Murree. Sikkim. 


. Elasmostethus recuroum Dall., List. Hem., 1 :310 (1851) (Acanthosoma); 


Dist., FBI., Rhynchota, 1 : 328 (1902). 
*Sind Valley. | 
Eurydema lituriferum (Walk.), Cat. Hem., 2:326 (1867) (Strachia) ; 
Mathew, Agra Univ. J. Res. (Sci.) (asi) 4:749 (1955). l 
*Katrain. Sikkim, Assam, Khasi Hills, Naga Hills, China, Sumatra, 
Burma. l , 
Nazara viridula (Linn.), Syst. Nat.; (10) 1 : 444 (1758); Mathew, Agra. 
Univ. J. Res. (Sci) (Suppl) 4:749 (1955). 
.*Manali, 6500 ft. India, Palaearctic, Nearctic, pee Neotropical; 
Oriental; Australia. 
Pariassus examptus (Walk.) Cat. Het., 3 : 569 (1868) (Prionaca) Distant, 
FBI., Rhynchota, 1 :206 (1902). 
*Murree. N. Hindustan, Naga Hills, Tenasserim. 
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Phimodera rupshuensis Hutchinson, Mem. Conn. Acad. Arts & -Sci., 
10 : 120 (1934). 

*Indian' Tibet : Peldo-la near north end of Tso-Morari, 14855 ft. 

Sastragala murreeana Distant, AMNH., (7) 6 : 228 (1900); FBI., Rhyn- 

chota, 1 : 320 (1902). ` 
Nures, 

Sastragala rufispina Distant, Trans. ent. Soc. London, p. 353 (1887); FBI., 
Rhynchota, 1 : 319 (1902); Mathew, Agra Univ. J. Res. (Sci.) (Suppl.) 
4:750 (1955). | 
*Katrain 6000 ft. North India. | | 

Urostylis fumigata Walk., Cat. Het, 2:413 (1867); Distant, FBL., 
Rhynchota 1 : 307 (1902). d e 
*Murree. oen Mungphu, Sylhet, Assam, Burma : Karemee. 


FAMILY COREIDAE 


Camptopus lateralis (Gérm.), in, Distant, II Yarkand Miss., Rhynchota, 
(1879). 

*Sind. Valley. Palaearctic range, Europe, Medeira, Morocco, Astracan. 
Cletus punctulatus (Westw.), Hope. Cat, 2:23 (1842); Distant, FBI., 
Rhynchota, 1 : 339 (1902); Mathew, ne Univ. J. Res. (Sci.) (Suppl.) 
4:751 (1955). 

*Manali 6500 ft. Sikkim, Kurseong, Khasi Hills, Naga Hills. . 
Elasmomia granulipes (Westw.), in Distant, FBI.,  Rhynchota, 1 : 392 
(1902); Mathew, Agra Univ. J. Res. (Sci.) (Suppl) 4: 751 (1955). 
*Manali 6500 ft. Sikkim. 


. Stictopleura Sp., Hutchinson, Mem. Conn. Aai Arts & Sci., 10 : 121 (1934). 


*Indian Tibet : Tsak. Shang and Tsak-ra road from o to 
ea 15000 ft. 


FAMILY LYGAEIDAE | 


Arocatus pilosus Dist., Tráns, Ent. Soc. London, p. 123 (1879); . FBI., 
Rhynchota, 2:15 (1904). "NGA í 
. *Murree. 


. Bianchiella adelungi Reuter, in Hutchinson, Mem. Conn. Acad. Arts & 


.Sc., 10:128 (1934). | 
*Indian Tibet : Igu in the Indus Valley above Leh, 11210 ft. Siberia, 
Mongolia, North China. 


. Dolmacoris deterrana Hutchinson, Mem. Conn. Acad. Arts & Sci, 10: 


130 (1934). 

*Indian Tibet: Nying-ri & Chungang La 16800-17000 ft., under 

Artemisia ‘minor. ] | 
Emblethis horvathiana Hutchinson, Mem. Conn. Acad. T & Sci, 10 : 

128 (1934). l 

*Indian Tibet : Renka-la 16917 ft., between Mitpal Tso and Yaye 

Tso. l 
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24. Lamprodema brevicollis Fiel., in Distant; II Yarkand Miss., Rhynchota, 


25. 


26. 


27. 


28. 


29; 


30. 


2h 
32. 
33. 


34. 


(1879). Js | 
*Tanktze to’ Chagra, Pangong Valley, Ladakh. Dalmatia (Europe). 
Lygaeus pandurus Scop., Ent. Carn., p. 126 (1763) (Cimex); Distant, FBI., 
Rhynchota, 2:6 (1904) (militaris) ; FBI., Rhynchota, 5 : 4 (1910). 
*Murree. Hardwar, Bombay, Bengalore, Mysore, Burma, Mandley, 
Minhala, Malayan Archepalago, Australia, S. Africa. . 
Microplax hissarensis Keritshanko, in Hutchinson, Mem. Conn. ~ Acad. 
Arts & Sci, 10:128 (1934). . 
*Indian Tibet : Between Tsak-shang & Tsak-ra, road from Tso- 
Morari to Tso-Kar 15000 ft. North Bukhara. 
Nysius ericae (Schill.), in Hutchinson, Mem. Conn. Acad. Arts € Sci., 
10 :122 (1934). 
*Leh. Tsak-shang north of Po Mons Kayann-la Koh Lungpa Valley; 
Renka-la between Mitpal Tso & Naye tso and Ororotse Tso. Central 
Asia, 
Nysius ericae alticola Hutchinson, Mem. Conn. Acad., Arts & Sci., 10: 
126 (1934). 
*Indian Tibet : Ororotse Tso 17381 ft, Kyang La, . 16700-17000ft. 


FAMILY ARADIDAE 


Branchyrhynchus tagalieus (Stal.), Ofv. Vet. Ak. Forh., p. 672 (187); FBI., 
Rhynchota, 1 : 392 (1902) : Mathew, Agra Univ. J Res. (Sci.) (Suppl.) 
4:751 (1955). 

*Pir Panjal Range, Chandra ad: near Gramphu, 12000 ft. Burma, 
Philippines, Java. 


FAMILY PvYRRHOCORIDAE , 


Physopelta gutta (Burm.), Nov. Act. Acad. Leip., 16, (Suppl.), 300 (1834); 
Distant, FBI., Rhynchota, 2:97 (1903); Mathew, Agra Univ. J. 
Res. (Sci.) (Suppl) 4 : 752 (1955). . 
*Dalhousie. Assam, Khasi Hills, Ceylon, Burma, Japan, Sumatra. 


FAMILY Soa 


Acanthaspis apicata Distant, AMNH., 7 qn: 354 (1903); FBI., Rhynchota, 
2 : 266 (1904). 
*Kashmir. Ootacamand. : 
Harpactor iracundus (Scop.), in Distant, II Yarkand Miss, Rhynchota | 
(1879); FBI., Rhynchota, 2 : 332 (1904). (Reduvius). 
*Sind Valles European form. 
Harpactor reuteri (Distant), II Yarkand Miss., Rhynchota, p. 11 (1879); 
FBI., Rhynchota, 2:335 (1904) (Harpiscus). 
*Sind Valley, Kashmir, Baltistan. Sylhet. 
Lisarda rhypara Stal., Ofv. Vet. Atk. Forth ., p.192 (1859); FBI., had 
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39. 


36. 


37; 


38. 


39. 


4]. 


42. 


43. 


44. 


2:238 (1903); Mathew, Agra Univ. J. Res. (Sci) (Suppl) 4:752 
(1955). | 
*Manali. Burma, Java: ' | 

Pirates affinis (Serv.), Ann. Sc. Nat., 23:216 (1831) (Peirates) ; pnm 
FBI., Rhynchota, 2:299 (1904).. 
* [hehim Valley. Khasi Hills, Bombay, Burma: Rangoon, Teinzo, 
Bhamo; Malayan Peninsula, Cochinchina, Java, Borneo. 

Pirates Jote (Walk.), Cat. Het., 7:93 (1873) (Lestomerus); Distant, FBI., 
Rhynchota, 2:297 (1904). 
*Kangra Valley. Berhampur (Bengal). 

Sphedanolestes funeralis Distant, AMNH., 7 (11) : 210 (1903); FBI., Rhy- 
nchota, 2:340 (1904). 
* Kashmir. 


FAMILY- ANTHOCORIDAE 


Anthocoris gyalpo Hutchinson, Mem. Conn. Acad. Arts & Sci., 10:136 
(1934). 
*Indian Tibet: Leh. Apparently blown from Populus sp. 

Ectemnus paradoxus Hutchinson, Mem. Conn. Acad. Arts & Sci., d 134 
(1934). 
*Indian Tibet: Igu in the Indus Valley above Leh, on the bark of 
Populus sp., 11210 ft. 


/ FAMILY MIRIDAE 


Chlamydatus pachycerus Kiritsh. in Hutchinson Mem. Conn. Acad. - Arts 
& Sci, 10:140 (1934). ^ — 
*Indian Tibet: Shakya La, 17000 ft, Kyang La 16800-17500 ft., 
Ororotse Tso 17381 ft., Marsimik La 17400 ft. Kyam 15530 ft., Nyagtzu 
15324 ft., Peldo-le north end of Tso-Morari, 14835 ft., and Tsak-shang. 
Southern Tibet, 3rd Mt. Everest Expedition, 13500-16500 ft. 

Dicyphus physochlaenae Hutchinson, Mem. Conn. Acad. Arts & Sci., d 138 
(1934). l 
*Indian Tibet: Dambguru 15100 ft. on Physochlaena praealta Hook. 

(Solenaceae). | 

Dicyphus sengge Hutchinson, Mem. Conn. Acad. Arts 8 Sci., 10:139 (1934). 
*Indian Tibet: between Tangtse and Mugleb, 4175 m. | 

Tibetocoris margaretae Hutchinson, Mem. Conn. Acad. Arts & Sci., 10:142 
(1934). ` 
*Indian Tibet: Chang-chenmo River near Pamzal 17000-17300 ft., 
Nying-ri 16800 ft., Chungang La 17400 ft., Kakstet La 17600 ft. 


. FAMILY CASPIDAE 


Calocoris lineolatus (Goeze), Ent. Beytr., 2:267 (1878) (Cimax); Distant, 


FBI., Rhynchota, 2:451 (1904). 
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*Sind Valley. Widely distributed in Palaearctic region and recorded 
from Turkastan. S i 

Calocoris stoliczkanus Distant, II Yarkand Miss., Rhynchota p. 10 (1879) 
FBI:, Rhynchota, 2:452 (1904). | 


*Murree. 


. „Deraeocoris patulus (Walk.) Cat. Het., 6:120 (1873) (Capsus); Distant, FBI., 


Rhynchota, 2:466 (1904). 
*Kashmir. Sikkim: Kurseong, Mungphu, Burma: Karennee. 

Eblis amasis Kirk, Tr. E. S., p. 256 (1902) ; Distant, FBI., Rhynchota, 
2:442 (1904). o x 
*Kangra Valley 4500' ft. 


a, 


Helopeltis theivora Waterh., Tr. E. S., p. 458 (1886); Distant, FBI., Rhy- 


. nchota, 2: 440 (1904). l 
*Kangra Valley. Assam. 
Megacoelum forsythi (Distant), II Yarkand Miss., nd p.10 (1879) 
(Calocoris); FBI., Rhynchota, 2:429 (1904). 
*Kashmir, Murree. 
Megacoelum straminipes Distant, AMNH., (8) 4:446 ES FBI., Rhynchota, 
5:236 (1910). 
*Kangra Valley. : ) 
Phytocoris stoliczkanus Distant, II Yarkand Miss., Rhynchota, (1879); 
FBI., Rhynchota, 2:449 (1904). | 
* Murree. 


e 


FAMILY SALDIDIDAE 
Exanthus Sp. . 
Order HOMOPTERA 
FAMILY JASSIDAE 


Aconura tolla Pruthi, Mem. Indian Mus., 11:39, pl. iij, figs. 7, 7a, (1930). 
*Murree Hills. Bengal: Calcutta; East Himalaya: Mariambari Tea 
Estate. . 

Agallia robustus Prathi, Mem. Indian Mus., 11:10 (1930). 

*Murree Hills: Jhika Gali, 6700 ft, Kuldana, 7000 ft. 
Chiasmus alata Pruthi, Mem. Indian" Mus., 11:23 (1930). 
*Murree. Calcutta; C. P.; Rewa State; Kodaikanal. 

Chiasmus (Kartwa) mustilina (Dist.) Mem. Indian Mus., 11:25, pl. n, figs. 

7,7a, (1980). i | 


*N. W. Himalaya: .Murree Hills, Tret. Throughout India, Nerbuda 


Valley, Pachmari (C. P.) 

Cicadula (Deltocephalus).montanus (Dist.), in Pruthi, H. 5., Mem. Indian. Mus., 
11:56, pl. iv, fig. 8 (1930). 
*Dalhousie Hills, Murree Hills. Simla Hills, Khasi Hills, 
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Cicadula indica Pruthi, Mem. Indian Mus., 11:54, p.l. iv, figs. 7, 7a, (1930). 
*Murree Hills: Tret, Kohala; Dalhousie Hills. Calcutta; Nerbuda 
Valley (C. P.); Salem Distt. (S. India). 


. Cicadula indrina Pruthi, Mem. Indian Mus. TN 61, BS V, fig. 5 (1930). 


*Chamba. 

Cicadula montanus P Pruthi, Mem. Indian Mus., 11:58, pl. iv, fig. 
9, pl. v, fig. 1,la (1930). 
*N. W. Himalaya: Murree Hills, Dayankund Dalhousie Hills. 
Deltocephalus gopis Pruthi, Mem. Indian Mus., 11:127. pl. ix, fig.9 (1936). 
*Kuldanna, Murree Hills. 

Durgades indiocerus Pruthi, Mem. Indian Mus., 11:13 (1930). 
*Murree Hills, 4-7000 ft. 

Eucanthus extremus (Walk.) List., Hom., 3:761 (1851) (Tettigonia). Distant, 
FBI., Rhynchota, 4:227 (1908). 
*Murree. North India. 


` Eugnathodus indica Pruthi, Mem. Indian Mus.; 11 : 48, pl. iv, fig. 4, 4a, 4b, 


(1930). 
*Kohala, Tret (Murree' Hills). Layallpur, Nerbuda Valley, Koilari, 
Harra, Sankal (C. P.,), North Malabar. 

Eugnathodus (Nesosteles) sanguinescens (Kirk.), Pruthi, Mem. Indian Mus. 
11:52, pl. iv, figs.6, 6a, (1930). | | n m 
*Murree Hills. Layallpur, Koilari, B Amarkantak, Nerbuda Valley, 
Calcutta. 


 Gurwa minorcephala Pruthi, Mem. Indian Mus., 11:29, plii, figs. 10a, 10b, 


(1930). 
*Jhika Gali, Murree Hills. 


Krisna strigicollas (Spin.), Mem. di Matem e di Fis. Soc. Ital.. Modena, P. 
167 (1852) (Siva); Distant, FBI., Rhynchota, 4:297 (1908). 
*Kangra Valley. Mussourie, Kanti, Pusa, Dacca, Raniganj, Mamari, 
Calcutta, Nilgiri Hills, Bombay, Burma: Ruby Mines, Tenasserim; 
Malayan Peninsula; “Perak; Cambodia, Java, Borneo, Celebes Sangir, 
Philippines, North China. 

Ledra mutica Fabr. Syst. Rhynch., p. 25 (1803); Distant, FBI, Rhynchota, 
4:173 (1908). 
.*Kangra Valley. Mussourie, Pusa, Calcutta, Bombay, Burma: Pegu. 
Ophiola bicolor Pruthi, Mem. Indian Mus., 11:123, pl. ix, figs. 6, 6a; (1936). 
*Dayankund Nullah eae .Dalhousie Khajiar Road, 8000 ft., 
Bakrota Hill. 


Thamnotettix chhota Pruthi, Mem. Indian Mus., 11:64 (1930). 
*Chamba. Pashok Darjeeling Distt des EE 


Jm OLOR 


Privesa confinis Distant, FBI., Rhynchota, 3:386 (1906). 
*Sind Valley. | 
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FAMILY CIGADIDAE 


20. Paharia casyapae (Distant), AMNH., (8) 1: 374 (1888) (Tibieen); FBI., 
Rhynchota, 3:163 (1906). E 
*Kashmir Valley. 


FAMILY CERCOPIDAE 


21. Posblilus. costalis (Walk.), List Hom., 3:707 (1851) (Ptyelus) ; Distant, FBI., 
Rhynchota, 3:86 (1908). 
*Dras, Kargil, Leh. Dacca, Pusa, Bombay, Surat, Calcutta, Bangalore, 
Darjeeling, Karachi,; Ceylon. Paradeniya, Nalanda, eS 
Singapore, S. & W. Africa, Natal, Nyasaland. | 

22. Piyelus nebulosus (Fab.), Syst. Ent., 4:50 (1794) (Cercopis) ; Distant, FBI., 
Rhynchota, 4:88 (1908). ' 
*Sind Valley. North Bengal: Jamalpur, Calcutta; Bombay; Dacca; 
Bangalore; Ceylon: Ephawela. 


Order COLEOPTERA 
FAMILY CARABIDAE 


l. Agonum ladakense Bates, in Jadlicka, Hundukush Expedition, Arb. morph. 
taxon. Ent. Berlin-Dahlem, 4 (3): 189 (1937). 

*Kashmir. Pamir, Tibet, Jalalabad. 

2. Amara bruct Andrewes, Ann. Mag. Nat. Hist., (9) 11: 176 (1923); Mem. 
Conn Acad. Arts & Sci., 10:25 (1934). | 
*Indián Tibet: Ororotse-tso 17400 ft., Anem la 17000 ft., Tso-Nyak region 
14300 ft. Second Mount Everest Expedition Base Camp. 

3. Amara trivialis Gyll., in Bates, Second Yarkand Miss., Coleoptera, (1891). 

*Sind Valley. West Europe. 

4. Anchominus politissimus Bates, II Yarkand Miss., Coleoptera, (1891). 
*Murree. 

5. Anthia orientalis Hope, in Bates, II Yarkand Miss., Coleop. (1891). 
*Jhelum Valley. 

6. Bradytus apricarius (Payk.) in Bates, II asista Miss., (1891). 

*Sind Valley, Dras, Kargil, Leh. Pamir: between Siriko] and Panga. 

7. Callistomimus challobiala (Weid.) in Bates, II Yarkand Miss., Coleoptera, 
(1891) (Pristomachaerus). | 
*Jhelum Valley. Hong Kong. ' 

8. Cymindis altica Gebl., in Bates, 11 Yarkand Miss., Coleop., (1891). 
*Between Dras and Leh. 

9. Cymindis championi Andrewes, Ann. Mag. Nat. Hist, (10) 2:589 (1928); 
Mem. Conn. Acad. Arts & Sci, 10:25 (1934). ; 
*Tibet: Tso-Nyak, 14300 ft. Norther Kumaon and Tibet. 

10. Cymindts rubriceps Andrewes, Mem. Conn. Acad. Arts & Sci., 10:25 (1934). 
*Indian Tibet: Anem La 17000 ft. | 
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. Ethira cometes Andrewes, Ann. Mag. Nat. Hist., 10 (18): 63 (1936). 


* Kashmir. 


. Harpalus japonicus Morawitz in Bates, II Yarkand Miss., Coleoptera, (1891). 


*Murree. China; Japan, Formosa. 


Harpalus ad Koll. & Redt., in Bates, II Yarkand Miss., Coleopetera, 


(1891). 
*Dras, Leh. 


. Hypolithus perlucens Bates, II Yarkand Miss., Coleoptera, (1891). 


*Jhelum Valley. 


. Sphodrus cordicollis Chaud., in Bates, II Yarkand Miss., Coleoptera, (1891). 


*Murree. 

Molops piliferus Bates, II Yarkand Miss., Coleonetera, (1891). 
* Murree. : co 

Scarites inconspicous Chaud., in Bates, II Yarkand Miss., Coleoptera, (1891) 
Andrewes, FBI., Carab., 1:253 (1929). 
*Jhelum Valley. Nepal; Assam: eee Sikkim ; Bengal: Calcutta; 
Bihar: Chapra, Muz’ ffarpur; U. P. : Ranikhet, Nainital, Dehra Dun; 
N. W. F. P.: Kohat; Indore C. P. : Nagpur: Madras: Yarcaud. 

Calathus suffuscus Andrewes, Keys to some Indian genera of Carabidae (Col.), 
IV. Genus Calathus. Stylops, 3:217 (1934). Lindroth, Trans. R. ent. 
Soc. London, 108 (11): 558 (1956). 
*Kashmir: Pahalgam. 


. Pristosia braccata Andrewes, Keys to some Indian genera of Carabidae 


(Col) IV. Genus ( Calathus. Stylops, 3:211 (1934); Lindroth, Trans. R. 
ent. Soc. London, 108 (11): 549 (1956). 
*Kashmir: Pahalgam. 

Pristosia chambae Andrewes, Keys to some genera of Carabidae (Col) IV. 
Genus Calaihus. Stylops, 3:215 (1934); Lindroth, Trans. R. ent. Soc. 
London, 108 (11): 549 (1956). 

* Chamba. 
Pristosia glacialis (Andrewes), Keys to some Indian Genera of Carabidae 


- (Col) IV. The Genus Calathus. Stylops, 3:218-219 (1934) (rapter) ; Lindroth, 


Trans. R. ent. Soc. London, 108 (11) : 554 (1956). 

* Kashmir. | 

Pristosia leurops Andrewes, Keys to some genera of Indian genera of Car- 
abidae (Col) IV. The Génus Calathus Stylops, 3:211 (1934); Lindroth, 
Trans. R. ent. Soc. London, 108 (11): 549 (1956). 

*Kashmir: Uri, Pahalgam. 

Pristosta macra Andrewes, Keys to some Indian genera of Carabidae (Col.) 
IV. Genus Calathus. Stylops, 3:212 (1934); Lindroth, Trans. R. ent. Soc. 
London, 108 (11): 549 (1956). 

* Kashmir. | , 
FAMILY DYTISCIDAE 


Agabus (Anagabus) jucundus eres Opusc. ent. Lund, 19: 221-224 (1954). 
*Kashmir: Kargil. 


- 
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, 295. TN (Dichonectes). nitidus F. ., in Guignot, Opusc. ent. Lund, m 221-224 
(1954). 

. "Kashmir: Sonemarg, Dis , Kargil; Ladakh: Nima, Digar Polu, Bao- 
. shaple. i 

, 26. Agabus (Gaurodytes) idi Guignot, Opusc. ent. Lund, 19: 221-224 0 | 
*Kashmir: Chusol, (Ladakh) 4336 m. 

27. Coelambus confluens F., in Guignot, Opusc. Ent. fund 19: 221-224 (1954). 
*Kashmir: Pampur. | 

28. Coelambus flaviventris Motsch., in Guignot, Opus ent. Lund, 19:221-224, -.. 

: (1954). : o 
*Ladakh: "hong Tso. — | l 

29, Colymetes lineatus Koll. & Redt:, in Hog: Kashmir; P. "e Sir 
- *Kashmir. RUN | 

30. Gybister lateralimarginalis lepidus Apetz, in Guignot, Opus:. ent. Lund, 19: ` 
221-224 (1954). | 
* Kashmir: Shadipur, Bond, Lokut, Dal Lake, Phasha Kuri, Gangriba, 
" Nishat Bagh. i 

31. Cybister tripunctatus asiaticus Sharp, in uot Opusc. ent. RT 19 221-224 

(1954). 

*Kashmir: Srinagar, Naopur; Ladakh; Nishat Bagh, Chushol. : 

39. Guignotus pusillus geminus F., in Guignot Opusc. ent. Lund, 19:221-224: 
(1954). | D 
*Kashmir: Pampur, Gangribal, Galam Pur, Nishat Bagh, Sumbal & 

c Wular Lakes; Ladakh: Kargil: [Punjab: Sohana]. 

33. Hydronebrius cordaticollis Reitt., in Guignot, Opusc. ent. Lund, 19 221:224 | 

. — (954). | | 
"Kashmir: Shimsha; Karbu. | E 

. 94. Noterus clavicornis convexiusculus Reiche; i in- - Guignot, Opusc. ent. Lund, I9: 

221-224 (1954). - 

*Kashmir: Gangribal, on opposite. Hajan, ear Lokut Dal. 

[Punjab: Sohana]. 

33. Potamonectes (s. str.) griseostriatus Deg. ., in Guignot, Opusc. ent. Lund, 19: 

| - 921-224 (1954). A 

_*Kashmir: Ladakh: Digar Polu, Shargola, Kangral, Spring: below Fotu 

' Là Chusol, Tso Kar 4527 m., Spitoh, Galam Bagh. 

` 96. Rhantus pulverosus. Steph., in Guignot, Opusc. ent. Lund, 19:221-224 (1954). 

*Ladakh; Kashmir: Sonamarg, Kangan Ghulam Bagh, ‘Srinagar. : 


..97. Trochálus rugolosus Koll. & Redt., in oe fasce p. 503 (1848). 
l - * Kashmir. i 


~ 


q B . FAMILY HALIPLIDAE 


38. Haliplis maculipennis, Schaum., in Sharp, II Yarkand Miss. , Coleoptera, 
Tm XE 37 .(1891).? "e 
` *Jhelum Valley. 
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Famy HYDROPHILIDAE 


39. Berosus (s. str.) Ea (Charpentier) in d'Orcymont, Bull Mus. roy. 
Hist. nat. Belg., 14 (60) 24 (1943). — | 

l . *Wular Lake near ' Kiuhmus 1573 m... E 

*.40. Berosus (Enoplurus) indicus — tem 20 ice, Bull. Mus: roy. 
Hist. nat. Belg., 19 (60) : 4 (1943): E 
*Phasha Kuri near Pampur 1585 m. | 

"4. Coelostoma : sp. ` Pruthi, Indian. J. Ent., p ea) - 66 (1939). 
*Manali, 6000 ft. ; 

42. Enochrus (Lumetus) halophilus (Bedel. ) in d Orchymont Bull. Mus. roy. 

^, Hist. nat. Belg., 19 (60): 3- (1943). 


*Srinagar 1585 m., Garigribal 1580 ni., Phaslia Kiri near coer 1585 ? 


EE E m., Wular Laké Kiuhnus 1573'm. ;Jhil of Bakh-Hajan near Walar 1575 m., 
. Jit south-east of Hajan 1580 m., 
43. ina (s. atr.) ? grixeus Herbst., in d, Orchymiont; Bull. Mus. roy: Hist. 
“nat. Belg., 19 (60): 3 (1943). cH f 
"Phashà Kuri near Pampur 1585. ans. v^ y | 
44. Helophorus (s. str.) splendidus immaensts, d, Orchymont, Bull. Mus. roy. Hist. 
. nat. Belg., 19 (57): 11 1943)... 

- _*Ladakh: Bao. 4616 m., Kyam Valley of River Chang Chenmo 4725 m., 
| Sta-rtsk-puk-tso (Tso Bar) 4538 m. C. Tibet: Phari or Pari, Kampa 
“Dshong. 14500 ft. (4420 m); Lingka 420 m. , Tingri 15000 ft. (4572.m.). 

45. Helophorús (Atracthelophorus) frater, d’ Orchymaont, Bull. Mus. roy. Hist. nat. 
l Belg., 19 (57)::11 (1939). 

_ *Ladakh: "Tso-Morari . 15000 ft. Frontier of Tibet and Karoon Laptel 
| 15000 ft. (4572 m.), Sangchar 14500 ft. (4420. m.). . 

46. Helophorus (? Atracthelophorus) : montanus d'Orchymont, Bull. Mus. roy. Hist. 
Nat. Belg.,.19 (57) : 11 (1943). 
*Ladakh: Fotu-la 3720:m, W. Tibet: Sulphur spring Pu of lake been 
zaka 5400 m.;-C. Tibet: Tingri 15000 ft., Lingka and Shekkar 14500 ft., 
-. Gyangtsé 13000 ft. (8962. m.); Tibet:Kumaon Frontier: ia 15000 ft., 
` Outside Tibet: Aulie Ata en Syr-Daya. p wt 

A. Helophorus . léntus Sharp, in. Pruthi, "Indian. J. Ent., i (1): 66 (1939). 

P | *Manali, Hot spring 6000 ft. Ceylon; ludostlinss South Asia and Nepal. 
— 48. Helophorus (Lihelophorus) ser Zaitzera, in ern Bull, Mus. roy. 

.. Hist. nat. Belg. 19 (57) :^9 (1943). - 

*Ladakh: Kyamin the Valley of River Chang Chenmo. 4725 1 m., Cushol 
south of Pangong. tso 4336. m. W. Tibet: 50 klm. east of Pangong; C. Tibet: 
- 4863 m.; East Tibet: Region of Kuku-Nor Mang-Tso 14500 ft. 

49. Helophorus Meahabbardo aquaticus Linn., in d'Orchymont, Bull. Mus. roy. 
Hist. nat. Belg., 19 (57): 10 (1943). 
omar East of Mugleb, between odd and ud 4175 m. W. - 

orth of Pangong Lake. 
50. Hydrophilus caraboides (Linn) in t dn h 
Belg, 19 (60): 4 (1948). : is ymoni Bull. Mus. roy. Hist, nal, 
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Mylabris macilenta Marseul, in Bates, II Yarkand Miss., Coleoptera, p. 28 
(1891). l 
*Murree. a ' 
Mylabris sidae Fab., in Bates, II Vatkand Miss.; Coleoptera p. 78 ( 1891). 
*Sind Valley, Murree. 


FAMILY MALACHIIDAE 


Malachius coerulloscutatus Fairm., C. R. Ent. Belg, p. 130 (1891) Haders- 
dorf-Weidlingan, Hindukush Expedition; Arb. morph. taxon. Ent. 
Berlin-Dalhem, 4(3) : 181 (1937). 

*Kashmir. Afghanistan : Ptsigula tal. 


FAMILY BOSTRICHIDAE 


Heterobostrychus aequalis (Waterhouse), Proc. Zool. Soc. London, 215 
(1884) (Bostrichus); Kapur, RIM., 52 (2-4) : 336 (1954). 

` *Kashmir. Malabar, Bengal, Assam, Burma, New Guinea and Mada- 
gascar. 


"FAMILY TENEBRIONIDAE 


Ascelosodis assimilis Bates, Second Yarkand Mission, Coleop., p. 57, (1891). 
*Dras, Kargil, Leh. | 

Ascelosodis ciliatus Bates, Second Yarkand Mission, Coleop., p. 57, (1891). 
*Dras, Kargil, Leh. 

Ascelosodis grandis Bates, Second hand Mission, Coleop. .p. 58 (1891). 
*Dras, Kargil, Leh. 

Ascelosodis inermis Fairm., C. R. Ent. Belg., 35 : 93 (1891). 
* Kashmir. 

Ascelosodis intermedius Bates, Second Yarkand Mission, Coleop., p. 58 
(1891). 
*Dras, Kargil, Leh. 

Ascelosodis ovoideus Fairm., C. R. Ent. Belg., 35 : 93 ic 
*Kashmir. 

Blapidurus crassicornis Fairm., C. R., Ent. Belg., 35 :96 (1891). 
*Kashmir. Y | 

Blapidurus margintcollts oes C. R. Ent. Belg, 35:131 (1891). 
* Kashmir. 

Bioramix asidiodes Bates, Second Yarkand Mission, Coleop. p. 71 (1891). 
*Sind Valley. 

Bioramix ovalis Bates, Second Yarkand Mission, p. a (1891). 
*Dras, Kargil, Leh. | 

Bioramix puncticeps Bates, Second Yarkand Mission, Coleop. p. 71 (1891). 
*Dras, Kargil, Leh. 

Blaps indicola Bates, Second Yarkand Mission, Coleop. p. 61, (1891). 
*Sind Valley. | 
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Blaps ladakensis' Bates, Second Yarkand Mission, Coleop. 62, (1891). 
*Yanktze to Chagra, Pangong Valley. 

Blaps lucens Fairm., C. R. Ent. . Belg., 35.: 95 (1891). 
*Kashmir. 

Blaps perlonga Bates, Second Yarkand Mission, MD 62 (1891). 
*Yanktse to Chagra, Pangong Valley. ` 

Blaps urophora Fairm., C. R. Ent. Belg., 35 : 95 (1891). 

, "Kashmir. 

Botiras punctatellus Fairm., C. R. Ent. Belg., 35 : 99 (1691). 
* Kashmir. l 

Botiras sculptipennis Y Fairm., C. R. Ent. Belg., 35 : 99 (1891). 
*Kashmir. 

Botiras striatellus Fairm., C. R. Ent. Belg., 35. : 98 (1891). 

:* Kashmir. | 


Capnisa mediocris Fairm., C. R. Ent. Belg., 35:93 (1891). 


* Kashmir. 

Chianalus costipennis Bates, Second Yarkand Mission, Coleop. p. 72 (1891). 
*Dras, Kargil. Leh. 

Chianalus subcostipennis Grid., Átt. Mus. Stor. nat. Trieste, 12 : 64 (1935). 
* Kashmir. 


Coelocnemodes stoliczkanus Bates, Second Yarkand Mission, Coleop., p. 65 
(1891). , ; EE 
*Murree. 


Cyphogenia depressiuscula Fairm., C. R. Ent. Belg., 35 : 92 (1891). 
* Kashmir. P 
Cyphogenia plana Bates, Second Yarkand Mission, Coleop. p. 60 (1891). 
*Dras, Kargil, Leh, Pangong Valley. | 


Dicchillus desioi Grid., Att. Mus. Stor. nat. Trieste, 12 : 58 (1935). 
*Kashmir. — 

Faustia laeviuscula ram, C. R. Ent. Belg., 35 : 97 (1891). 
*Kashmir. 

Gauromaia. tenuestriata Fairm., C. R. Ent. Belg.; lata 132 ( dd 
*Kashmir. | 


Gonocephalum (s. str.) guerrut Chatan., Bull. Mus. Nat. Paris, p. 244 (1917). z 
*Himalaya. Burma, China, Afghanistan : Wama. 
Gonocephalum (s. str.) sinulatric (Fairm), in Schuster, dan morphol. 
taxon. Entom. Berlin-Dahlem, 3 : 193, zm 
*Himalaya. Afghanistan. 
Gonocephalum (s.str.) tuberculatum Hope, in Kaszab, Entom. Arbeit, Mus. 
G. Frey., Munich, pp. 431, 464 (1936).. 
*Himalaya. India, Burma, Annam, China, Formosa. 
Laena (Catolaena) IRIS Schuster, Ann. Mag. Nat. Hist., 16 (10) : 
462 (1935). 
* Gulmarg. 
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147. 


Lacna cribrella Rett. in Schster, Ann. Mag. Nat. Hist., 16 (10) : 438 (1935). 
*Batote 5800 ft., Udhampur Div., (Kashmir). 

Laena carinipennis Schuster, Ann. Mag. Nat. Hist., 16 (10) : 448 (1935). 
*Kulu. i 

Laena lacordiarei Marseul, in Bates, Second Yarkand Miss., Coleoptera, 
p. 76 (1891). 
*Sind Valley. 

Laena nigritissima Rett., in Schuster, Ann. Mag. Nat. Hist., 16 (10) : 438 
(1935). 
*Gulmarg 8500 ft.; Jhelum Valley, Ferozpur Nullah. 

Laena nitida Schuster, Ann. Mag. Nat. Hist., 16 (10) : 453 (1935). 
*Gulmarg, 8500 ft., Jhelum Valley. | 

Laena punctiveniris, in Schuster, Ánn. Mag. Nat. Hist, 16 (10) : 438 
(1935): "E ME 
*Gulmarg, 8500 ft., Jhelum Valley. Bushair State 6000-8000 ft. 

Laena lacordiare: Marseul, in Bates, Second. Yarkand Mission, Coleop. | 
p. 76 (1891). : 
*Sind Valley. 

Leplomorpha brevicollis Fairm., C. R. Ent. Belg., 35 : 97 (1891). 
*Kashmir. E 

Leptomorpha rugulipennis Fairm., G. R. Ent. Belg., 35 : 97 (1891). 
* Kashmir. 

Lyprops indicus Wiedem. . In Bates, Second Yarkand Mission, p. 76 Hes: 
*Jhelum Valley. 

Myaits quadraticollis Bates, Second Yarkand Mission, Coleop, p. 74 (1891). 
*Between Leh and Yarkand. 

Ocnera protensa Fairm., C. R. Ent. Belg., 35 : 94 (1891). . 
* Kashmir. 

Opatrum ochthebiodes Fauvel, in Bates, Second Yarkand Mission, Coleop. 
p. 75 (1891). | 
* Dras, Kargil, Leh. 

Prosodes rufo-sulcata Fairm., G. R. Ent. Belg., 35:95 (1891). 
*Kashmir. | 

Prosodes trisulcata Bates, Second Yarkand Mission, Gotcop p. 63 (1891). 
*Dras, Kargil, Leh. 

Prosodes vicina: Bates, Second Yarkand Mission, Coleop. p. 63 (1891). 
*Sind Valley. 

Pseudoblaps simulatrix Fairm., C. R. Ent. Belg., 35 : 100 (1891). 
* Kashmir. 

Solskya caporiaccoi Gridelli, Atti Mus. Stor. nat. Triest, 12-593 (1935) 
* Kashmir. 

Syachis ajmonis Gridelli, Zoological results of The 3rd Danish A 
to Central Asia.. Tenebrionidae from Afghanistan. 
Videnskabelige Meddelelser fra Dansk Nat. Forening, 117 : 26 (1955). 
*High Valleys of Kashmir. 


* 
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148. Syachis cugiae Gridelli, Videnskabelige Meddelelser fra Dansk Nat. Foren- 
ing, 117 : 26 (1955). 
*High Valleys of Kashmir. 

149. Syachis himalaicus Bates, in Gridelli, Videnskabelige Mead fra Dansk 
Nat. Forening, 117 :26 (1955). 
*High Valleys of Kashmir. Dras, Kargil, Leh. 


150. Syachis picicornis Bates, in Gridelli, Videnskabelige Meddelelser fra Dansk 
Nat. Forening, 117 : 26 (1955). AS 
*Dras, Kargil, Leh, High Valleys of Kashmir. - | p 
151. Tetranilus simplicifrons Gridelli, Atti Mus. Stor. nat. Trieste, 12 : 557. 
- (1935). | | 
-, *Kashmir. 


FAMILY SCARABAEIDAE 


-152. Copris sinicus Hope, 11 Yarkand Miss., Coleoptera (1891); DEOS FBI., 
Lamellicornia, 3 ; 115 (1931). 

"*Murree. C. P. Sarda; Rangoon, Maymo; North Chin Hills ; Palon, 
Pegu, Tenasserim; Java; Siam; Tonkin, S. & E. China. 


153. Gymnopleurus cyaneus (Fab.), Ent. Syst. Suppl., p. 34 (1798) (Copris); 1 
Yarkand Miss., Coleoptera (1891); Arrow, FBI., Lamellicornia, E 
49 (1931). E E 
*Jhelum Valley. U. P. : West Almora, Haldwani, Chakrata, Arkot 
. 4000 ft; Bengal : Dacca, Calcutta; Nagpur, Belgaum, Coimbatore, 
Bellary, Malabar, C. Comorin, Anamalai Hills, Ceylon. 


154. Gymnopleurus mundus Weid., in Sharp, II Yarkand Miss. , Coleoptera, (1891); 
Arrow, FBI., Lamellicornia, 3 :57 (1931). 
*Jhelum Valley. Bihar : Chapra; South west China, 


155: Onthophagus armiceps Reiche, in Sharp, II Yarkand Miss., Coleoptera, 
(1891). 
*Jhelum Valley. 


156. Scarabaeus sylvaetious Panz, in Sharp, II.Yar kand Miss. , Goleopetera (1891). 
*Sind Valley. 

157. Sisyphus hirtus Wied., Sharp, II Yarkand Miss., Coleoptera (1891); oo 
FBI., Lamellicornia, * 3:76 (1931). | 
*Jhelum Valley, Bengal : Berhampur; Belgaum; South India : Sappal, 
Palghat, Bangalore, S. Mysore, Nilgiris, Karkur, Malabar; Ceylon : 
kandy, Kitulgala, Horawupotana, Bitenne: 

158. Sisyphus neglectus Gory, Mon. Sisyphus, p. 14 (1833); Arrow, FBI., Lame- 

llicornia, 3:73 (1931). ' 

*Murree 5500 ft. Bombay : N. Kanara, Kathiawar, Dharwar; C. P. : 
Chikalda; UP : Mussourie; S. Mysore. 
159. Trox procerus -Har.; in Sharp, II Yarkand Miss., Coleoptera, (1891). 
| ^*jJhelum valley. . 


7 1 
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FAMILY RUTELIDAE : 


160. Adoretus limbatus Blanch., in II Xarkand Miss., Coleoptera, (1891); Arrow, 
FBI., - Lamellicornia, 2 : 305 (1917). l ne 
í helam Valley. Calcutta, Kathiar, Dacca, Berhampur, Kanpur, 
Burma, Siam. JE ga 
161. Adoretus pallens . Blanch., II Yarkand Miss., Coleoptera  (1891)' (nudius- > 
culus); Arrow, FBI., Lamellicornia, 2: 334. (1917). 
*Jhelúm Valley. Burma. 
162. Anomala ruftveniris Redt., TI Yarkand Miss., “dioen (1891); Arrow, 
FBI., Lamellicornia, 2 : 236 (1917). 
*Murree. West Almora, Ranikhet, Kurseong, Manipur, Khasi Hills, 
Jaintia Hills, Darjeeling, Mungphu, Bhutan. l 
163. Anomala stolicgkae Sharp, J. R. Asiatic Soc., Bombay, 47 (2) : 173 (1873); 
Arrow, FBI., Lamellicornia, 2 : 243 (1917). 
*Murree. UP :Jaunsar; Sikkim; Darjeeling 7000 ft. Tibet, West 
China. i l 


FAMILY APHODIDAE 


164. Aphodius costatus Schmidt, Entomol. Wochenbl, 47 (1908); Kapur, RIM., 
52 (2-4) : 338 (1954). | 
*Kulu. Belgaum, Manipur. 
165. Aphodius kashmirensis Sharp, II Yarkand Miss., Coleoptera, (1891). 
*Dras, Kargil, Leh. 
“166. Aphodius parvulus Har., in Sharp, II Yarkand Miss., Coleoptera (1891). 
*Thelum iid Ajmer, Abyssinia. 


FAMILY GEOTRUPIDAE 


167. Gavai crenulipennis Fairm., C. R. Ent. Melg., 35 : 122 aaa 
* Kashmir. 
168. Geotrupes jakovlewi Sem., in his Hindukush Expedition, Arb. morp. 
taxon. Ent. Berlin-Dalhem, 3 (3) : 202 (1936). 
*Kashmir: Chitral, Caucasus, Turkestan, Bukhara. 
169. Geotrupes Kashmirensis Sharp, II Yarkand Miss. pom (1891). 
*Dras, Kargil, Leh. . 
170. Geotrupes orientalis Hope, in Sharp, II Yarkand Miss., Coleoptera (1891). 
*Murree. 
. 171. Geotrupes semicribrosus Fairm., C. R. Ent. Belg., 35 : 122 (1891). 
*Kashmir. | | | 


FAMILY MELOLONTHIDAE 


172. Phyllobhaga (Lachnosterna), stoliczkae Sharp, Il Yarkand Miss., Coleoptera - 
(1891). 
*Murree, 


s i 
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173. Phyllophaga (Lochnosterna) - -stridulans Sharp, I Yarkand Misá., ., Coleoptera 
(1891). : | 


*Murree. 
FAMILY CERAMBYCIDAE. 


- 174. Caloclystus ignobilis (Bates), -Proc. Zool. Soc. p. 72] (1878) (Coni) 
Gahan, FBI., . Cerambycidae, l: 270 (1906). 
*Murree. | 

175. Hesperophanes cribricollis _ Bates, Proc. Zool. Soc., p. 720 (1878); Gahan, 
FBI., Cerambycidae, 1:113 (1906). 

*Murree. | ! 

176. Purpuricenus indus Sem., Rev. Russe Ent. 7:139 (1888); Ahmed, T.; 
Indian J. Ent., 8 (1) : 44 (1946). | 7 
*Kashmir. Darra-i-Khail, Afghanistan. 


FAMILY LUCANIDAE 
177. Geruchus atavus Fairm., C. R. Ent. Belg., 35 : 88. (1891). 
*Rashmir. 
178. Eurytrachelus submolaris Hope, in Gravely, RIM., 11:424 (1915). 
*Murree. Naini Tal. l 
179. Hemisodorcus suturalis Westwocd, in Gravely, RIM., 1l :422 (1915). 
*Kashmir Valley 5-6000 ft. Dehra Dun, Tehri Garhwal. 


FAMILY CHRYSOMELIDAE 


180. Bijukia flaviventre (Baly) in Bates, II Yarkand Miss., Coleoptera (1891) | 
` (Malacosoma); Maulik, FBI., Chrysomelidae.: Galurecinae, p. 323 
(1936). 

*Murree. | 
181. Charoea fleviventris Baly in Bates, 11 Yarkand Miss., Coleoptera (1891); 
., Maulik, FBI., Chrysomelidae : Galurecinae, P. 301 (1936). 

*Murree. m l 

182. Galruca indica Baly, in Bates, II Yarkand Miss., Coleoptera (1891); Maulik, 
FBI., Chrysomelidae :.Galurecinae, p. 101 (1936). l 
*Murree. North India, Simla Hills, Mussourie,. Hazara Distt., Dunga 
Gali 8000 ft; West Almora, Assam. 

183. Hajtica caerulescens (Baly), Trans. Ent. Soc. London, 190 (1874). (Grepto- 
dera); Maulik, FBI., Chrysomelidae : Halticinae .p. 421 (1926). 
*Murree. Japan, China. " 

184. Haltica cyanea Weber., Obs. Entom., 1: 57 (1801); Maulik, FBI., Chry- 
somelidae : Halticinae, p. 422 (1926). ; l 
*Chamba. Bombay : Belgaum; Burma : Shwegoo, Katha; - Senmi- 
gion, Bhamo, Ruby Mines, Karen Mts., Tenasserim, Thagata; Java; 
Sumatra. l l 

185. Haltica viridicyanae Baly. Trans. Ent. Soc. London, 191 (1874); Maulik, 
FBI., Chrysomelidae : Halticinae, p. 422 ask 
*Sind Su Japan; Nagasaki. 
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186. Nodostoma concinnicolle Baly., Cistula Ent., 2:372 (1880); .FBI,, 

| Chrysomelidae; 2 : 312 (1908). 
*Jhelum Valley. Kashgar, Bengal, Mandar. 

187. Nodostoma plagiosum Baly., Cist. Ent., 2 : 373 tbe) FBL, CES 
lidae, 2 : 315 (1908). 
*Murree. Kashgar. Assam; Khasi Hills. 

188. Plagiodera versicolora (Laich.) in Bates, II Yarkand Miss., Coleoptera (1891); 
-Maulik, FBI., Chrysomelidae, p. 61 (1926). 

.. *Jhelum Valley Europe, Siberia, Africa, West Almora, Abbotabad: 

189. Philopona signata Duvivier, Ann. Soc. Ent. Belg., 36 : 429 (1892) (Hyphasis) ; 
Maulik, FBI., Chrysomelidae : Halticinae p. 155 (1926). 
*Kangra Valley. Chota Nagpur, Koubis, Bombay, C.,P. : Sindevai, 
Chandra Distt, Bengal : Rajmahal. 

190. Phyllodecta pr “(Baly.), Cyst. Ent, 2:375 (1878); (Phratora); 
Maulik, FBI., Chrysomelidae : Halticinac p. 83 (1926). , 
*Murree 7500 ft. UP: Nainital, Garhwal 6500 ft, Sundardhunga 
Valley 8-12000 ft. 


Order LEPIDOPTERA 
FAMILY ALUCITIDAE- 


l. Platyptilia superscandens Fletcher, Indian J. Ent., us ]1 (1940). - 
*Kashmir, Killanmarg, 11000 ft.- 


5 FAMI LY LYCAENIDAE, 


2. Lycaena phlaeas oani Butler, Proc. Zoo. Soc. London, p.. 408 (1880); 
(Chrysoplames stygianus); Ahmed,  'Taskhir, Indian J. Ent, 8(2) : 208 


(1946). 
*Kashmir. Nainital, Kumaon, Mussourie, Simla, Quetta, Afghanistan, 
N. W. Europe. 


FAMILY HESPERIDAE 


3. Carcharodus alceae swinhoei Watson, Proc. Zool. Soc. London, p. 68 (1893); 
^ Ahmed, Taskhir, Indian J. Ent., 8(2) : 209 (1946). | 
*Kashmir. Chitral, Baluchistan, Afghanistan. l *" 


FAMILY NOCTUIDAE 


4. Apopestes spectrum (Esp.), Die Europaische Schmetterlinge, 4(1) : 131, 
pl. 100, figs. 3, 4; Ahmed, Taskhir, Indian J. Ent., 8(2) : 210 (1946). 
* Murree,. DBarmnsali: Quetta, Mainpuri; Europe; Syria; Asia Minor; 
Armenia; Turkestan. 

5. Catocalla afghana Swinh., Trans. Ent. Soc. London, p. 352 (1885) ; Ahmed, 
Taskhir, Indian J. Ent., 8(2) : 211 (1946). 
*Kashmir, Rajaori. Baluchistan, Afghanistan, Kabul. Kandhar. 
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11. 


12, 


14, 


Order HYMENOPTERA 
FAMILY TENTHREDINIDAE 


Allantus multicolor Smith, Second Yarkand Mission, Aca (1878). 
*Murree. — 
Allantus providus Smith, 11 Yarkand Mission, Hymenop. ( 1878). 
* Murree. - 
Allantus simillimus Smith, 7 Yarkand Mission, Hymen., (1878.) 
*Murree. . = 
Allantus terminalis Smith, II Yarkand Mission, Hymen., 1878. | 
.* Kashmir : Sind Valley. 
Hylotoma «fumipennis Smith, II Yarkand Mission, Hostia 1878. 


. *Jhelum Valley. 


Macrophya opposita Smith, II Yarkand Mission, Hymen., 1878. 
*Kashmir : Sind Valley. / 

Tenthredo fallax Smith, II Yarkand Mission, Hymen., 1878. 
*Sind Valley, Murree. 

Tenthredo nigro-maculatus - Smith, II -Yarkand Mission, Hymen, 1878. 
*Kashmir : Sind Valley. | 

7 enihredo simulata Smith, II Yarkand Mission, Hymen., .1878. 
*Kashmir : Sind Valley. 


FAMILY [CHNEUMONIDAE 


." Cryptus insidiator Smith, JI Yarkand Mission, Hymen., 1878. E 


*Kashmir : Sind Valley. 

Ichneumon bimaculatus Smith, 11 Yarkand SELON: Hymenop. 1878. 
*Murree. ` . 

Paniscus renovatus Smith, TI Yarkand Mission, id E 1878 (uni- 
color) ; Morley, FBI., 3 (1) : 354 (1913). a 

. *Kashmir : Sind Valley, Murree. 


SUPERFAMILY SPHECOIDEA 


FAMILY SPHEGIDAE 


` Ammophila ‘vagabunda Smith, Cat, iv:218; II Yarkand Mission, Hymen. 1878 


spinipes); FBI; Hymenoptera, 1:231 (1897). 
*Dras, Kargil, Leh. | North China, Sumatra. 


SUPERFAMILY APOIDEA 
FAMILY POMPILIDAE 


Pompilus atripes Smith II Yarkand Mission, Hymenop, 1878; PBL , Hymen- 
optera, 1:163 (1897). 


*Murree, 


ww m ee 
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15. Priocnemis rufo-femoratus Smith, 11 Yarkand Mission, Hymenop. 1878. 
*Dras, Kargil, Leh. : 


FAMILY BOMBIDAE . 


16. Bombus alticus Eversm., in Smith, II Yarkand Mission, Hymenop., 1878. 
*Tanktse, Pangong Valley, Ladakh. Asiatic Russia. 


SUPERFAMILY FORMICOIDEA . 
Pane F ORMIOIDAE 


1. Acantholepis frauenfeldi interga Forel, J. Bombay Nat. Hist. Soc., 8:411-413 
(1894); Bingham, FBI., Hym. 2:316 (1903); Eidmann, Zool. Jaars 75:249 
(1942). 

*Talichi near Nanga Parbat, 4290 ft. (1300 m.). 

2. Acantholepis frauenfeldi var sericea Fr. in: Bingham, FBI., Hym. 2:316 : (1903); 

' Menozzi, Atti. Soc. Ital. Mus. Civ. Milano, 78: 339 (1939). 

Kashmir: Jhelum Valley, Takht-i-Sulaiman 7260 ft. (2200 m.), Dusso, ' 
7920 ft. (2400 m.). | i 

3. Bothriomyrmex myops For., in Menozzi, Ba Soc. Ital. Mus. Civ. Milano, 
78:338 (1939). 

*Kashmir. Sikkim, Hindostan. | 

4. Camponotus aethiops var ^ cashmirienst For., in Menozzi, Atti. Soc. Ital. Mus. 
Civ. Milano, 78:379 (1939). 
*Kashmir. ` : 

5. Camponotus (Camponotus) japonicus atérrima Emery, Ann. Mus. Stor. Cenova, 
34:478 (1894); Eidmann, Zool. Jarhb., 75: 250 (1942). 

*Turbaling near Nanga Parbat, 8910 ft. (2700 m.). Tibet, Manchuria, 
China.. 

6. Camponotus mitis var bacchus (Smith), in Second Yarkand Mission, Hy- 
menoptera, 1878; FBI., Hym., 2:356 (1903). 

*jhelam Valley. Calcuta, Ceylon, Islands of Eastern Archepaloago. 

7. Camponotus socrates For., in Menozzi, Atti. Soc. Ital. Mus. Civ. Milano, 
78:341 (1939). | l : Can s 
*Kashmir: Sirinagar 6600 ft. (2000 m). ` 


8. . Camponotus sylvaticus paradichrora Em., in Menozzi, Atti. Soc. Ital. Mus. Civ. 


Milano, 78:315 (1939). 
*Jhelam Valley 3960 ft. (1200 m), Sooroo 8910 ft. (2700 m). Karakoram: 
Braldo Valley, Askole, 10230- 10560 ft. (3100-3200 m). E 
9. Cataglyphis (Cataglyphis) bicolor setipes Forel, J. Bombay Nat. Hist, 8:401 . 
(1894); Bingham, FBI., Hym. 2:312 (1903) ; ‘Eidmann, Zool, Jahrb,. 
75:254 (1942). | 
*Gor near Nanga Parbat, 7920 ft. (2400 un. North Africa, S. Europe, 
N. W. F. P. 
10. Cataglyphis ( Monocombus) -cugiaz vezi Atti. Soc. Ital. Mus. Ciy. ne 
78:323 (1939). 
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*Dras, 10230 ft. (3100 m.), Kargil 8910 ft. (2700 m), Tartabgarh near 
Nanga Parbat 9240 ft. (2800 m), Skardu 7260 ft. (2200 m). Braldo Valley: | 
Dussu 7920 ft. (2400 m), Askole = ft. (3150 m); Punmah Valley: 
Skiniltalmosa 10560 ft. (3200 m). 
a Cataglyphis hisspidus Menozzi, in rium Zool. Jahrb., 75 255 (1943). 
*Gor near- Nanga Parbat 8910 ft. (2700 m). 
12. Crematogaster apicalis Smith, II Yarkand Mission. Hymenoptera p. 12; 1878; | 
Bingham, FBI., 2:147 (1903). l x EE 
 *Jhelam Valley. | | | E e 
13, Crematogaster subdentata . kashgariensis Forel, in Menozzi, Atti. Soc. Ital. Mus. 
' Civ. Milano, 78:335 (1939). 
- *Kashmir, Jhelam Valley 3960 ft. E. Turkestan. 
14, Dorylus labiatus Shuck . in Smith, IT Yarkand Mission. Hym., 1878 (lies 
Bingham, FBI., 2:2 (1903). m 
: *Jhelam Valley: -Whole of Continental India. 
15. Formica fusca ssp. glebaria var rubescens For., in Menozzi, Atti. Soc. Ital. Mus, 
Civ. Milano, 78:343 (1939). 
"Kashmir: Srinagar 5610 ft. (1700 m.), Baltal 9570 ft. (2900 m), palus 
(Deosai) 13200 ft. (4000 m), Dras 10230 ft. (3100 m), Chamura' near `: 
Nanga Parbat 10560 ft. (3200 m), Kangra 5170 ft. (1900 m).. Gungum | ' vj 
8745 ft. (2650 m), Shirting 8250 ft. (2500 m), Hot PAE Spring Chongo ~ | 
. 9900 ft. (3000 m), Shigar 7260 ft. (2200 m). p 
16. Eom (serviformica) picea Nyl. in Menozzi, Atti. Soc. Ital. Mus. Civ. Milano, 
© ` 78:320 (1939). | 
a *Sind Valley, Kishanganga Valley, Chota Deosai 12705 ft. (3850 ui) 
Lalpani 13200 ft. (4000 m), Kamri 7920 ft. (2400 m), Burzil Chank 
11220 ft. (8400 m). Braldo Valley: ' Hoto 9240 ft. (2800 m), Hot 
Sulphur Spring Chongo 9900 ft. (3000 m), Askole 10230 ft. (3200 m), : 
Thla Brok 13200 ft. (4000 m); Punmah Valley: Tsok 9240 ft. (2800 m), 
Dumultar 12870 ft. (3900 m), Skinmag 14190 ft. (4300 m); Baltoro: Con- 
fluence of Baltore Dunge 12870 ft (8900 m), Liligo 12540 ft. (3800 m), 
Robutze 12210 ft (3700 m), Urdukas 13200 ft. (4000 m), Mundu 14190 
- ft. (4300 m),. Jermanendü 14190 ft. (4300 m), Mustag 15840 ft. (4800 m), 
Moni Bransa 15180 ft. (4600 m) Durbin Jangal 13200 ft. (4000 m), Val- 
ley of Mt. K2 13860 ft. (4200 m.); Indus - Valley: Karal. Marfo 14190. -~ 
ft. (4300 m), Boorgi Nullah 11880 ft. (3600 m). a 
17 Formica truncorum Fab., Syst: Piez. » P. 403 (1804) ; Eidmann, Zool. Jarhb., | 
^ .75:258 (1942). : 
-: *Gor near Nanga Parbat 9240 ft. HOS m) Himalaya. Central Europe, T 
Sino China. 
18. Lasius bicornis kaskmirensis Donish., in Menozzi, Atti, Soc. Ital. ‘Mus. Civ. 
.. Milano, 78:342 (1939). 
* Kashmir. 
" 19. Leptothorax oraaa Forel, in Menoa. Atti Soc. Ital. Mus: (uv “Milano, 
78:337 dps 


P 
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66. 
67. 
68. 
69, 


70. 


71. 


79. 
73. 
O74. 


| 355. 


76. 


Il: 


78. 


79. 


80. 


*Kashmir. Karakoram, "Tibet, North - India. ; 

Cantharis discipenntis Fairm, C. d Ent. Belg., cad (1891). 
* Kashmir. l | 

Cantharis anosculala Fairm, C. R. Ent. Belg., 35: 132 (1891). 
* Kashmir. 


Epicauta quadraticollis Fairm, C. R. Ent. Belg., 35: 101 (1891). 
* Kashmir. 


Epicauta haaged vetet II Yarkand Miss., Coleoptera, p. 28, (1891). 
*Murree. 


Zonitis nigripectus: Fairm., C. R. Belg. y 39:133 ae 
"Kashmir. 


FAMILY RHIPIDOCERIDAE 


Lichas giganiius. Pau: Ec, R. Ent. Belg., 35:128, 129 eon): 
*Kashmir. 


Lichas irepezicollis Fairm., C. R. Ent. Belg., 35:129 (1891). 
ind | 


FAMILY ELATERIDAE a 


Compsolacon aequalis Cand., in Fleutiaux, Hindukush Expedition, Arb. 


morph. taxon Ent. Berlin-Dalhem, 3 (3) :180 (1936). 
*Kashmir 11000.ft. Wama * _ Afghanistan. 

Diacanthus ampliatus Fairm., C. R.. Ent: Belg. 991 = 1891). 
*Kashmir. 


Diacanthus picticollis Fairm., EN R. Ent. Belg., 35: 128 (1891). 
* Kashmir. 

Diacanthus semiaurantiacus Fairm., a. R. Ent. HB , 35:128 (1891). 
*Kashruir. 


.FAMiLY BUPRESTIDAE 


Ancylocheria costipennis Fairm., C. R. Ent. Belg., 35:126 (1891). 
* Kashmir. | 


FAMILY CISTELIDAE 


Allecula (Dietopsis) costipennis Bates, IT  Yarkand Miss., Coleopetra, p. 76- 
(1891). 


*Murree. 
FAMILY LAGARIDAE 


Lagria indicola Bates, II Yarkand Miss., Coleoptera, p. 77, (1891). 
*Murree. 


FAMILY PEDILIDAE 


Pyrochroa subcostulata Fairm., C. R. Ent. Belg., 35:102 n ' 
E | ius 
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FAMILYE ODEMERIDAE 


^ 


8l. Chrysanthia fuscimembris Fairm., C. R. Ent. Belg., 395 134 (1891). 
* Kashmir. 

82. Saloninus nebulosis Fairm., C. R. Ent. Belg., 35:133 (1891). 
* Kashmir. | 


FAMILY COCCINELLIDAE | 


83. Chilocorus bijugus infernalis Muls., Ann. Co. Linn. Lyon (2) 1 : 189 (8153); 
Kapur, RIM., 52 (2-4) : 259 (1956). | | 
*Kashmir : Tangmarg 7-8000 ft., Srinagar 5000 ft., Almora 5500 ft.; 

(Kumaon Hills), Shillong 4900 ft. l 

84. Chilocorus rubidus Hope, in Gray, Zool. Misc., 31. (1831); Kapur, RIM., 

52 (2-4) : 262 (1956). 
*Kashmir : Srinagar 5500 ft. Almora 5500 ft., Chitral : Izha; Malaya: 
- Penang; Celebes; Australia; Nepal; China; Mongolia; Manchuria; 
Japan; USSR. m i 

85. Epilactina ocellata Redt, Hugels Kaschmir, 4(2) : 497-564 (1844); 
Kapur, RIM., 48 : 18 (1950). i : 
*Kashmir; Gharial, Murree Hills 6000 ft; Naggar to Manali. Simla 
Hills 7-8000 ft., Phagu 9000 ft., Kufri 7000 ft.; Almora (Kumaon Hills), 
Nepal, Sikkim, E. Himalaya; TEN (Darjeeling). 

86. Halyzia tschitcherint Sem., in Korschefsky, Hindukush PASOS Arb. 
morph. taxon. Ent. Berlin-Dalhem, 4(3) : 183 (1937). 

*Srinagar : Kashmir. Chitral: Karakel, Bumboret Valley; Sikkim. 

87. Leis dimidiata (Fab.) Species Insectorum, 94 (1781) (Coccinella); Kapur, 
RIM., 52 (2-4) : 332 (1954). AM 
*Kashmir, Kulu, Palampur. Gurdaspur (Punjab), Sikkim, Nepal, 
Assam, Bengal (Calcutta),. Manipur, China, Japan. 

88. Pharoscymnus flexiblis kashmirensis Kapur, R. I. M., 52 (2-4) : 267 (1956). 
*Kashmir : Srinagar 5500 ft. West Almora 5500 ft. Cherat 4000 ft., 
N.W.F.P. |. | 

89. Sticholotis marginalis Kapur, R. I. M., 52 (2-4) : 270 (1956). 

l *Kashmir : Srinagar. 


ee 


~ FAMILY MELOIDAE 


90. Meloe semicoriaceus Fairm., C. R. Ent. Beds 35 : 102 (1891). 
* Kashmir. 

91. Meloe transversicollis Fairm., C. R. Ent. Beles 35 : 102 (1891). 
*Kashmir. 

92. Mylabris cichorii (L.), Museum Ludvicae ulricae Regina, 103 (1764) 
(Meloe); Kapur, RIM., 52 (2-4) : 329 (1954), 
*Murree, Gilgit. Dehra Dun, Lucknow, Calcutta, Darjeeling Distt., 
Sikkim, Mysore and Manipur. y 
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*Liddar Valley. | 
20. Monomorium luisae Forel, in Mesa Atti. nee Ital. Mus. Civ, Milano, 
78:336 (1939). 
* Kashmir. 
237 Monomorium (Parholcomyrmex) destructor Jerd., Madras J. Litter. See 47:105 
' (1851); Bingham, FBI., 2:209 T Eidmann, Zool. Jarhb., 75:248 . 
(1942). 
*Drang near Nanga' Parbat 3960 ft. (1209 m). Throughout Indian 
limits. =. ex 
22. Mutilla suspiciosa Sinith; II Yarkand Mission. Hymenoptera 1878. 
) *Jhelam Valley. Borneo; Celebes, Batchian, Amboyna, Bouru. 
23; Myrmica aimonis-sabaudiae Menozzi, Atti. Soc. Ital. Mus. Civ: Mano, 78:286 
°° (1939); Eidmann, Zool. Jarhb., 75 : 245 (1942). | 
*Kashmir: Gund (Sind Valley) 6864 ft. (2080 m), Doyan near Manga 
Parbat 8910 ft. (2700 m).  Askole 10230 ft. (3100 m),"Tolti 7920 
ft. (2400 m.) Skardu 7260 ft. (2200 m), Bati; Kushumul 7590 ft. 
: (2300 m), Dusso 7260 ft. (2200 m). E 
24. Myrmica luctuosa Smith, I1 Yarkand Mission, Hymenoptera, 1878; Bingham, ` 
FBI., 2:212 (1903). 
| *Murree. ' | | "VEND JI 
25. Myrmica smythiesi cachmirensis For., in Menozzi, Atti. Soc. Ital. Mus. Civ. 
| Milano, 78:331 (1939). ME. 
*Kashmir. Chokpiong 8580 ft. (2600 m), Askole 10230 ft. (3100 m), 
Snimtsa 10560 ft. (3200 m); Tsok Ptak Valley) 11550 ft. (3500 m). 
26. Myrmica smythiesi fortior For., in Jena Atti, Soc. Ital. Mus. Civ. Milano, 
l 78:331 (1939). 
*Kashmir. Eastern Siberia. 
27. Myrmica smythiest lutescens Forel in Menozzi, . Atti. Soc. Ital. Mus. Civ. Milano, 
78:331 (1939). > , 
.  *Kashmir: Kangan 6600 ft. (2000 m), Tsok 11550 ft. (3500 m). 
28. Pheidole javana dharmsalana For., in Menozzi, Atti. Soc. Ital. Mus. Civ. Milano, 
78:333 (1939). 
*N. W. Himalaya. 
29. Pheidole (Phetdole) Roberti Forel, : Rev. Suisse, Zool., 10:183 (1902); Bingham, 
FBI., Hym. 2:259 (1903). 
*Bunji near Nanga Parbat, 4620 ft. (1400 nj. Kanara, Sikkim. 
30. Plagiolepis' balestrierri Menon Atti. Soc. Ital. Mus. Civ. Milano, 78:310 
' (1939). 
*Kashmir:Kargil 89100 ft. (2700 m), Skardu 7260 ft. (2200 m), Kara- 
: karom: Shigar, Khatty 7590 ft. (2300 m), Hot Sulphur Spring Chongo, 
9900 ft. (3000 m), Askole 10230 ft. (3100 m), Kro Brok 12210 ft.(3700 m). 
31. Tapinoma wroughtoni Forel, in Menozzi, Atti. Soc. Ital. Mus. Civ. Milano, 
78:338 £(1939). 
*Kashmir: Margundo (Sind Valley), 6600 ft. (2000 m), Gor 1 near Nanga  . 
Parbat 8910 ft. (2700 m). 
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32. Tetramorium caespitum himalayana Wiehm., Arch, f. Moped A, 79 (12): 
` 88 (1913); Eidamann, Zool. Jarhb., 75:948 (1942) Mushkin near Nanga 
Parbat 7590 ft. (2300 m). Himalaya. 

33. Tetramorium elisbethae Forel,in Menozzi, Atti. Soc. Ital. Mus. Civ. Milano, | 
78:337 (1930). ; 
* Kashmir. | 

Order DIPTERA 


FAM my CALLI PHORIDAE 


-Calliphora aucta Walker, in Senior-White, RIM., 28:129. (1925). 
| p above,5000 ft., Kashmir to Khasi Hills, peronra Himalaya 


à FANES BIBIONIDAE , 


2 Dilophus. gratiosús Big., J. Asiatic Soc. Bengal, 59:265 (1890) FBI., B: 178; 
Brunetti, RIM., 17:41 (1920). 


*Dharmsala. Kurseong, : Phagu; Theog, Bhowali, juu. Upper — 
_ Burma, Central India; Yunnann; S. China. ar M 


FAMILY BLEPHAROGERIDAE l 


3: Philorus bionis d RIM., 10:160 (1914)... 
m *Kashmir: E | ES E. 


FAMILY EPHYDRIDAE 


4. Ephydra glauca Meigen, Syst. Beschr. Europ. Zweifl., 6:120 0 (1830): Cresson, 
Mem. Conn. Acad. Arts & Sci., 10:1 (1934). 
*Indian Tibet: Tso-Kar, 14850 ft. Europe, Rumania, Central Asia, 

_. “South Russia. | 

5. Ephydra tibetensis Cresson, Mem. Conn. Acad. Arts & Sd: i$. 1032 (1934). 

i *Indian Tibet: Kyám Hot Spring, 15630 ft., Phuga Hot spring, 14500 ft. : 

6: Halmopota hutchinsoni Cresson, Mem. Conn. Acad. Arts & Sci., 10:3 (1934). 

*Indian Tibet: Tso- Kar, 14800 ft. ` 


Following is the list of the species listed by Kollar ad Redtenbacher, i in 
-Hugel's Kaschmir which have not been included in the check-list. 


Buprestidae 

o... Sternocera dasypleuros Gaschmir. 
2. Lampetis coerulea 

3. Agrilus caschmirensis 


| Elateridae : 
w€—— 4. Lacon rachychaetus 3 
' 5. Ludius caschmirensis 
6. Cardiophorus vicinus 
7. Cardiophorus consentaneus 
8. Cardiophorus stolatus 
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Lampyridae l 
9, Lycus suturalis | Caschmir 
10. Colophotia italica s 
Cantharidae (Telephoridae) 
11. Cantharis caeruleo-maculata "T 
12. Antsotelus bimaculatus Hope s 
13. Deromma melanura » 


Silphidae (Silphales) 


14. Silpha ioptera mE 3i 
Stenelytra 
15. Strongylium rufipenne - » 
Mylabridae (Trachelides) 
16. Largia aenea ^ s 5 
17. Largia variabilis » 
18. Largia bicolor to» 
19. Eptcauta rubriceps | T 
20. Epicauta limbata " 
` 21. Prionotus praeustus 5s 
22. Prionotus semivitatus i 
Xylophagi 
23. Trogosita orientalis EF" 
Áphidiphagi | 
24.. Coccinella basalis : 5 
25. Epilachna ocellata x 


26.: Epilachna decemaculata » 


EN 
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- THE ENDOSKELETON OF CATLA CATLA (HAM.) 
mE Part I—THE SKULL 


VEER BALA RASTOGI 
Zoology Department, Meerut College, Meerut. 


INTRODUCTION 


On the cyprinoid fishes complete osteology of Labeo rohita alone is avail- 
able and need for accounts of a few more common forms is being urgently felt. 
The present work on the endoskeleton of common.carp Catla catla (Ham.) is 
an attempt in that direction. 


The fish is widely distributed, being represented in the rivers, streams 
and reservoirs throughout India. It is used profitably in pisciculture, owing 
to its nonpredatory habits and to its being the quickest growing freshwater 
fish in India. The convenient size and easy procurability renders it a suitable 
type for class study. 


The investigations, were carried out in the Zoology Department of Meerut 
College under the direction of Dr. B. M. Sinha. It is my pleasant duty to 
thank him for the guidance in the work and to the authorities of the College 
for providing the necessary facilities. 


THE SKULL 


The skull is well ossified and hemispherical with eversible jaws. Its 
upper surface is rugose. | 


The Occipital Region: 


The occipital region consists of the usual four replacing bones, the 
supraóccipital above, basioccipital below and exoccipitals on sides. 


The supraocetpital (I, II, III, IV & VI-1) is a flattened bone 
produced behind into a pair of laterally compressed processes. It bears the 
backwardly directed occipital spine, which approaches the neural spine of 
complex vertebra. On either side of the occipital spine the bone is provided 
with a faint groove. The supraoccipital articulates with the parietals, epiotics 
and exoccipitals. 


The basioccipital II, III, IV & VI-2) is a large bone distinguished 
into the anterior, middle and posterior parts. The middle part bears the 
occipital condyle, the . deeply concave posterior surface of which articulates 
with the complex vertebra. The posterior part takes the form of a drain, 
which lodges the dorsal aorta in its course backwards. On its ventral surface, 
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this part bears an oval, plate-like masticatory process for the attachment of 
horny pad. The anterior part is more or. less cylindrical and it carries a 
pair of depressions in front and a pair of channels behind. The depressions 
separated by a median ridge form parts of the foveae sacculi; while the 
" channels constitute the atria sinus imparis. The median ridge widens in its 
anterior part and depresses to form the floor of the cavum sinus imparis. 
The basioccipital articulates with the parasphenoid, exoccipitals and complex 
vertebra. | 


The .exoccipital (I, II, UL IV € VI-9) is distinguished into the 
basal part and the laterally directed paroccipital process. ‘The. basal part . 
bears an arched process, which encloses an oval fenestra covered by thick 
‘tough membrane. A process arises from the inner side of the basal part 
and meets the similar process of the other bone to enclose between them the 
cavum sinus imparis. Below the basal part is a depression which together 
with a similar depression on  basioccipital forms the fovea sacculi. The 
paroccipital process is flat and. wing-like and it articulates at its distal end 
with the pterotic process. An elongated foramen lies. beneath the exoccipital 
for the ninth andtenth cranial nerves and behind this is the jugular foramen. 
The bone also bounds the subtemporal fossa. mesially. The two exoccipitals 
meet in the middle line excluding the supraoccipital from bounding the 
foramen magnum. The bone articulates with the supraoccipital, epiotic and 


basioccipital. 


The Auditory Region : 


The auditory region is ossified by four replacing bones, the prootic, 
epiotic, sphenotic and pterotic. "The opisthotic is absent. 


The proolic (IIT, IV € VI-4) is a large flattened bone on the ventral: 
side of the auditory region forming its antero-mesial boundary. The bone may 
be roughly distinguished into a thinner outer and thickened inner part. The 
latter bears a tunnel for the anterior semicircular canal of interna] ear. 
The bone is perforated in front for the trigeminofacial complex of the fifth and 
seventh cranial nerves. The prootic articulates with the pleurosphenoid, 
parasphenoid, sphenotic, pterotic, epiotic and exoccipital. 


^» The epiotic (I, 11, III, IV € VI-6) lies in the posterior part of the audi- 
tory region. On its ventral surface the bone has a bowl-shaped cavity for 
accommodation of the posteriór semicircular canal. From the dorsal surface 
of the bone' arises a small process, which articulates with the posttemporal. The 
epiotic articulates with the parietal, pterotic, exoccipital and basioccipital. 


The sphenotic (III, IV & VI-6) lies in the anterior part of auditory region 
forming the posterior boundary oforbit. It can be distinguished into the main 
part and the forwardly directed process. ‘The main part bears a groove, which 

together with a:similar groove in the pterotic, forms a depression for articu- 
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lation of the head of hyomandibula. A. small cavity towards the inner side 
of the bone forms a part ofthe auditory recess. The main part of the bone 
articulates with parietal, prootic and pleurosphenoid, while the process running - 
along with the frontal is applied to it. l 


The pterotic (I, II, III 8 VI-3) is a large bone in the postero-lateral part 
: of auditory region. The bone can be distinguished into the anterior main part 
and the posterior pterotic "prccess. ‘The main part lies cn the outer side of 
the parietal and bears a facet for the hyomandibula. A prominent depres- 


sion on the inner-side forms a part of the subtemporal fossa and accommo- 
dates the horizontal semicircular canal of the internal ear. The pterotic | 


- process is applied to the paroccipital process ‘of exoccipital. 
The Sphenoidal Region: | 


"The sphenoidal region comprises of the paired parietals, frontals, 
pleurosphenoids: and orbitosphenoids and the unpaired parasphenoid. Of.thesé 
the pleurosphenoids” and i pacos are replacing bones and the rest are 
investing ones. 


The parietal (I, II, IV & VI-7) is a large rectangular bone, which roofs 
over the cranium. Its dorsal surface is rugose, while the posterior is grooved. 
The bone articulates with the frontal, Pone epiotic and s E 


The frontal (I, IT, III, IV & VI-8) is a large flat bone which roofs the 
cranium in front of var eal Its dorsal surface is rugose, while from its ventral 
surface arise articular surfaces for: the pleurosphenoid and sphenotic. Its 
anterior margin is convex and fits in the concave posterior surface of ethmoid. 
The frontal articulates with the -ethmoid, lateral ‘ethmoid, pterotic and 
parietal. 


The pleurosphenoid (IV & VI-12) is distinguished into a horizontal basal 
, piece and a vertical process. ‘The basal pieces from two pleurosphenoids meet 
in the middle line leaving a notch for the posterior process of orbitospherioid. 
The vertical process of the bone getting attached to the ridge of frontal forms 
the side wall of the orbit. The bone also contributes to the formation of the 
groove for the head of hyomadibula. The pleurosphenoid articulates with 
the orbitosphenoid, sphenotic, prootic and frontal. 


The orbitosphenoid (III, IV &-VI-11) is a compound bone formed of two 
lateral elements. It lies in front of the pleurosphenoids and contributes to 
. the floor and inner wall of the orbits. The bone is in the form of a hori- 
zontal plate with two lateral ridges raised upwards and fused to the frontals. 
It bears a groove on the ventral surface into which is received the ridge on 
the stem of parasphenoid. The orbitosphenoid articulates with ‘the lateral 
ethmoids and pleurosphenoids, 


N 
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The parasphenoid (IIT, IV & VI-13) is an elongated bone extending | 
from the basioccipital to the vomer. It consists of the body and the forwardly 
directed stem. The body is elongated and rhomboidal in form with a median 
ridge above and a better developed similar ridge below. These ridges extend 
on to the stem of the bone. The body articulates with the exoccipitals behind - 
and prootics and pleurosphenoids on the sides, while the stem is applied to 
the orbitosphenoid above and the vomer in front. D 


The posterior myodome for the eye muscles is present, which is formed 
by the parasphenoid on the inner side, by the pleurosphenoid on the ante-ior 
and outer side and by the prootic on the posterior and: inner side. 


The Orbital Region: 


The orbit is large and is bounded dorsálly by, the frontal, anteriorly by 


the lateral ethmoid, posteriorly by the sphenotic, and on the inner side by - - | 


the orbitosphenoid and pleurosphenoid. In relation with ‘the obit are .deve- - 
loped six orbital bones. These are the pend, lacrymal and four sub- 
orbitals. "n z 


The supraorbital (I, II, III & VI-15) is a flat bone lying attached to the side 


-'' of the frontal. It articulates with the lateral ethmoid and the third and 


fourth suborbitals. 


The suborbitals (I, 1 II, III & VI-18, 19, 20, 21) are four splint-like | 
cürved bones forming the anterior, outer ànd posterior boundary of the orbit. 
Through them passes the infra orbital trunk of the lateral line system in its 
cou.se from. the lacrymal to pterotic. The last suborbital is applied by its 
whole length to tke side of the frontal. | 


The lacrymal ( I, II, III € VI-14 ) is a small scale-like bone more or less 
' oval in form and with a slightly convex dorsal surfacz. It articulates with the 
maxilla, lateral ethmoid and first suborbital. 


The Ethmoidal Region: 


The cia region is ossificd by the paired sates, lateral ethmoids 
and precthmoids and the median vomer, rostral and’ ethmoid.: The lateral 
cthmoids and precthmoids are ads bones, while the rest are investing ones. 


The ethmoid (I, II, ITI & VI-16) is a median ral elongated bone : 
the roof of the ethmoidal region. It consists-of a central body and two lateral 
flat wings. Anteriorly the'bone presents a median notch bounded by a pair . 
of ethmoid cornua.  Posterioriy a deep cleft separates the bone into the dorsal. 
plate applied to the frontal and the ventral plate extending to the vomer. 
The cleft is divided into a median and two lateral cavities. The median cavity 
forms the’ anterior part of the cranial cavity, while the lateral cavities constitute 
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the front ends of the olfactory capsules. The bone articulates with the nasals, 
frontals, lateral ethmoids, vomers and palatines, 


| The lateral ethmoid (II, III, IV € VI-17) lies on ihe side of the ethmoid 
and frontal. Each is distinguished into a main part excavated by a deep nasal 
pit and an outwardly directed —Y-shaped process. The two bones articulate 
mesially below the parasphenoid and form the anterior boundary of the orbit. 
Thel ateral ethmoid articulates "with the orbitosphenoid, lacrymal and supra-: 
orbital, ; 


The nasal (T, 11 & VI- 29) is a small, moe bone lying on the inner 
_ side of the olfactory capsule in the notch formed by the ethmoid and 
frontal. l 


The rostral (T, II, III & VI- 24) is a small, rod-shaped bone lying in 
front of the ethmoid. Its anterior end lies between the rostral processes. of 
maxilla and the posterior end fits in the notch of ethmoid. 


The zomer (III, IV € VI-10) is a thin, flat and more or less triangular 
bone, lying on the ventral surface of the skull in front of the parasphenoid. 
Its anterior border is slightly concave bearing a thick condyle on either side 
for muscle attachm:nt. On the outer side of the condyle is a small preethmoid 
bone. The vomer articulates with the parasphenoid palatine and lateral 
ethmoid. 


Tre VISCERAL SKELETON 


The visceral skeleton consists of the mandibular, hyoid and five bran- 
chial arches. The first four branchial arches are of the usual type, while the 
fifth is gill-less and is represented by the inferior pharyngeal bones only. ` 


The Mandibular Arch : 


The mandibular Bons is ossified by the primary endoskeletal and isso 
dermal bones. The.dorsal palatopierygoquadrate part, which forms the upper 
jaw, is replaced by the palatine, metapterygoid and quadrate and invested by 
the premaxilla, maxilla, ectopterygoid and endopterygoid. “The ventral Meckel’s 
cartilage forms the lower jaw and is ossified by the dentary, angular, sesamoid 
angular and retroarticular. 


The palatine (III, V & VII-1) is narrow in the middle and expanded 
at the two €nds. On its inner side isa small projection to articulate with 


^. the vomer. Its anterior end bears articular surfaces for the preethmoid and 


maxilla, and the posterior end for the entopterygoid and ectopterygoid. 


The ectoplerygoid (V € VII-2) is a small, triangular bone which has an _ 
articular notch on its anterior face for the palatine and a surface along its inner 
. side for the entopterygoid. 
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The ‘metapterygoid (I, V & VII-3) is a large, plate-like bone on the outer 
side of the entopterygoid and ectopterygoid and above the hyomandibula. 
Below it ‘articulates: with the symplectic. 


« 2 


The entopterygoid (I, V & VII-4) is a thin, membrane-like ' bone, which 
bears along the anterior face a thickened surface for the ectopterygoid. To the 
upper side of the thickened, surface is applied the palatine. ERES its lower 
surface i is partly. overlapptd by the metapterygoid. 


The quadrate (I, V € VII-11) is a somewhat triangular bone with a 
double condyle at the anterior end, to articulate with the angular. On the 
inner side of the bone runs a ridge obliquely backwards from the condyle 
and below this ridge is a narrow groove into which fits the process of. sympletic. 
The bone» articulates- with the angular, ectopterygoid, symplectic and 
preoperculum.: 


The fremaxilla (1, 11, 111 & VII-8) is a thin curved flattened bone meet- 


ing with the fellow of the opposite side medially. It may be distinguished into 
a horizontal limb directed towards the rostral and a lateral limb lying below 
. the maxilla. The posterior margin of the bone is deeply concave. The distal 
end of the lateral limb together with the lateral limb of maxilla is attached to 


the dentary n means of ligaments. * 


| The maxilla (1, 11, 111 & VI-7) is a transversely elongated bone, lying 
parallel to premaxilla, partly above and behind it. It shows as many as five 
processes, two infront, two behind and one on the inner side. The two anterior’ 
processes articulate with the premaxilla and rostral bones. Of the two posterior 
processes, the outer process articulates with the preethmoid and vomer and the 
inner. process with the lacrymal and lateral ethmoid. The fifth process 
articulates with the dentary. The two maxillae are joined in the middle line 


by the connective tissue and between them lies the rostral bone. 
| | i Z 


The deniary (I, V & VII-5) is a broad bone, curved in the form of a cup 
and it bears the coronoid process. In its concavity .is a groove for the angu- 
lar. The two dentaries meet medially into'the mandibular symphysis. 


The angular (I, V & VII-6) is a thin flat bone with thickened proximal 
part, "The bone is overlapped by the dentary except for the proximal part, 
which bears an articular facet for the quadrate. The inner surface of the bone 
bears a groove in which lies the sesamoidangular. Along the proximal part ‘of 
the bone is a triangular retroarticular bone. The mandibular canal of the 
lateral line system passes from this bone and ends at anterior end of dentary.: 


DAS Hyoid Arch 


- Each half of the hyoid arch is ble into dorsal hyomandibular part 
und the ventral hyoid cornu. The former ossifies into the hyomandibwa and 
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symplectic, while the latter-consists of the epihyal, . ceratohyal E hy- 
pophyals. 


The .Ayomandibula (I, V & VII-9) is an elongated prominent bony rod, 
which lies obliquely from the auditory region suspending the two jaws. The 
proximal end of the bone is produced into an elongated head bearing two 
closely set condyles which articulate with the facet in the sphenotic and ptero- 
tic. On its posterior face is a knob-like condylar head for the operculum. 
The posterior surface of the bone is partly covered by the preoperculum and 
‘operculum. The bone articulates in front with the symplectic. 


The symplectic (I, V & VII-10) is a long narrow bone below the quadrate 
and metapterygoid and in front of hyomandibula. Its anterior two-third fits 
into the’ groove of the quadrate and externally it is covered by the pre- 
operculum. | 


The epiñyal (VIII) is a flattened bone appended to the hyomandibula 
and symplectic by its outer end. On its posterior surface it carries the first 
branchiostegal ray. l 


1 


The ceratohyal (VIII) is a flat bony piece lying in front of the epihyal 
articulating anteriorly with the two hyohyals. It bears along i its posterior border 
the second and third branchiostegal rays. 


The hypohyals (VIII) are two small bony nodules in front of the ceratohyal 
lying one over the other. The ventral piece is slightly larger than the dorsal. 
The two ventral hypohyals are. connected in the middle line, while the two 
dorsals carry the DRE in’ between. : 


= The beiko (VIII) isan elongated cylindrical rod, extending forv. urd 
from the dorsal hypohyals to support the tongue. 


The branchiostegal-rays (VIII) are three long sabre-shaped bones SAPPE 
the branchiostegal membrane. They are directed backwards and outwards and 
“decrease in size and thickness from first of the series to the last. 


The urokyal (VIII) is a median roughly triangular bone lying on the floor 
of buccal cavity. Its narrow anterior end is attached to the ventral pair of 
hypohyals, while the rest extends below the ceratobranchials of two sides. From 
the upper surface of the bone arises a vertical ridge, which gradually increases 
towards the distal end. The posterior end of urohyal is slightly bifurcated.. 


In relation with the hyoid arch are developed four investing bones, the 
operculum, TOE R preoperculum and suboperculum, which constitute 
the gill cover. , - 


The berlin (I, V & VIT-15) is the largest bone of the series with dorsal 
convex and ventral concave surfaces. The bone has an articular facet for 
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; hyómandibula at its anterior border. On the inner side of the bone are present 
a number of shallow depressions for the attachment muscles. 


| The preoperculum (1, V & VII-14) is a la:ge curved bone lying in front 
and above the operculum. It is slightly raised on its outer surface marking 
the position of operculo-mandibu'ar sensory canal of the lateral line system. 
Its upper end is rounded and blunt and articulates with the hycmar.dibula, 
while the lower is slightly pointed and is PNEHAIEE by the quadrate and 


symplectic. 


The suboperculum (1, V & VIII-13) is an dor gated sabre- — bone lying 
partly below and internal to the operculum. The anterior end of the bore is 
overlapped by the interoperculum. 


The tnisroperculum (1, V &VII-12) isa plate-like bone lying along the 
lower border of the preoperculum partly overlapped by it. 


- The Branchial Arches 


The pharyngobranchtals (VIII) are rounded bony pieces lying rbd on 
the dorsal wall of the pharynx. -The pharyngobranchials of the first arch are 
well developed, of the second and third fused and of the fourth argh are 
reduced, att 


The epibranchials (VIII) are curved, elongated i lying o on the 
roof of the: phraynx directed backwards from the pharyngobranchials. 
They are grooved along their dorsal surface, for the branchial arteries and - 
ventrally bear gill-rakers in double rows. The -proximal ends of the epibran- 
chials are swollen for attachment to the skull along with the pharyngobranchials. 


- 
di 


The ceratobranchials (VIII) are elongated, curved rods directed forwards 
and inwards on the floor of the pharynx. The ceratobranchials ‘carry dorsally 
double rows of gill rakers and are grooved ventrally for the branchial arteries. 
The ceratobranchials of the first arch. meet on the ‘first basibranchial, of the 
second and third are attached to the RECORD basibranchial and of the fourth 
arch meet in the middle line. | M ns 


| The hypobranchials (VII) | are PET Bons cil present in.relation with i 
| the COMODO of first arch and attached to the dorsal pair of hypohyals. 


The basibranchials (VITI) he in the median cartilage between the ae 
of two sides. There are only two of them one behind the other. | 


_ The inferior pharyngeal bones (VIII) are more or less triangular bones having 
'^ their ventral surfaces perforated. On the dorsal side they bear teeth in three 
rows, five in the first row, four in the second and two in the third row. The 
inferior . pharyngeal- bones are E from the Ln d means of 
cartilage. 
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SUMMARY 


The skull is completely edentulous, a and sufficiently ossified. 
The cranial roof is uninterrupted and jaws are eversible, The opisthotic, 
basisphenoid and interhyal are apse while the symplectic and posterior 
myodome are distinct. 


- The supraoccipital spine is not well developed. The exoccipital bears a 
jugular foramen and common foramen for the ninth and tenth cranial nerves. 
The two exoccipitals. form the roof of the foramen magnum as well. The 
basioccipital is greatly modified in conection with the Weberian apparatus, 
bearing cavum sinus imparis, atria sinus imparis, sinus endolymphaticus and 
foveae sacculi. The sphenotic does rot contribute to the cranial roof, as the ` 
frontal meets the pterotic posteriad. The prootic, sphenotic, pterotic and: 
pleurosphenoid contribute to the formation of the hyomandibular facet. The 
epiotic gives out a backwardly directed process, which articulates with the 
posttemporal. The orbitosphenoid is a compound bone formed by the two 
elements. In connection with the orbit are developed the four suborbitals, 
a lacrymal ‘and a supraorbital. A preethmoid is present on either side of 
the vomer. The lateral ethmoid is hollowed out for the passage of the 
. olfactory nerve and the rostral is small and rod-like. The ethmoid is 
produced into lateral ethmoid cornu and a ‘median notch for rostral. | The 
vomer extends out anteriorly beyond the ethmoid and is visible on the. dorsal 
‘view of the skull. 


The lower jaw is ossified by the dentary, angular, retroarticular and 
sesamoidangular. The pterygoid is absent, but the ectopterygoid, entoptery- 
goid and metapterygoid bones are present. The hyomandibula gains articula- ` 
tion with the sphenotic-pterotic region by two facets. The premaxillae alone 
form the upper gape of the mouth. The oper cular series is formed of usual 
four bones. 


The basihyal is attached to the dorsal pair of hypohyals. There are 
three branchiostegal rays. The pharyngobranchials of first arch are not well 
ossified and of the 2nd and third arch are fused. The hypobranchials are 
ossified only in the first arch and there are only two basibranchials. The fifth 
‘branchial arch is represented by inferior pharyngeal bones bearing teeth. 
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Sid=jview of theTskull - pn 
ang., atigular;7d., dentary; ` “sh.o., epiotic;]"e.pter., entopterygoid; eth., ethmoid; ex. re 
exoccipital; jr., frontal; k.m., hyomandibula; i.op., interoperculum; m. pir., meta- 
pterygoid; mx., maxilla; na., nasal; n.a.2.3.4., neural arches of second, third and 
fourth vertebrae; a.sp.2.@ 3., neural spine of second and third vertebra; n. sp4., 

neural spine of fourth vertebra; op., operculum; oc. sh., occipital spine; far.,' 
parietal; pmx., premaxilla; p.op., preoperculum; ` ptero., pterotic; f. rb. £., pleural 
E rib of fourth vertebra; qu., quadrate; Tey rostral; r. art, retroarticular; 
-supraoccipital f. 0. 1. 2. 3. 4., first, second,’ third and: ‘fourth suborbitals; 
` suboperculim; sb: o., supraorbital; sym., symplectic; tr., tripus. 


$. 0t. 
S, Op., 
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Cata catla (Ham). — : m | Plate-H. 





* 


Dorsal view of the cranium ` l 
b. oc., basioccipital; ep. o., epiotic; eth., ethmoid; ex. oc., exoccipital; f., fenestra; 
fr., frontal; lc., lacrymal; l. eth., lateral ethmoid; mx., maxilla; na., nasal; oc. sp., occipital 
spine; par., parietal; piero., pterotic; pmx., premaxilla; r., rostral; s. o. 1-4., Brst, 
second, third and fourth suborbitals; ‘s. oc., supraoccipital; sp. o., supraorbital; s. ¢ 
supratemporal. l 
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, Catia catla (Ham) — | | att 








eu 





: : Longitudinal section of the cranium 
A, claustrum; cnt. c., centrum of the second and third vertebra; ent. 1. 4. 5., centrum 


of the first, fourth and fifth vertebrae; «p. o. epiotic; |. e, lateral ethmoid ; 
myo., myodome; n. a. 2. 3. 4., neural arch of the second, third and fourth 
vertebrae; n. sp. c., neural spine of second and third vertebra; n. sp. £., neural spine 
of the fourth vertebra; oc, sp., occipital spine; o. n., foramen for the olfactory nerve 
i orb. sbh., pleurosphenoid; pro., prootic; £^. pr., pharyngeal process of the basioccipital; 
ps., parasphenoid; rb. 4,, rib of the fourth vertebra; s. oc., supraoccipital; sphn,, 
sphenotic; »o., vomer. 
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Longitudinal section of the cranium 


cl., claustrum; ent. c., centrum of the second and third vertebra; ent. J. 4, 5., centrum 
of the first, fourth and fifth vertebrae; ep. o., epiotic; eth., ethmoid; ex. oc., exoccipital; 


jen., fenstra; fr., frontal; l eih., lateral ethmoid; myo., myodome; n.a, 2. 3. 4., 
neural arch of the second, third and fourth vertebrae; n. sp.c., neural spine of second 
and third vertebra; n.sp. 4., neural spine of the fourth vertebra; oc. sp., occipital 
spine; o. n, foramen for the olfactory nerve; orb. sph., orbitospheoid; par., parietal; 
pl. spk., pleurosphenoid; fro., prootic; ph. pr., pharyngeal process of the basioccipital; 


ps., parasphenoid; rb. 4., rib of the fourth vertebra; s. oc, supraoccipital; sphm., 
sphenotic; 20., vomer. 


A RAPID METHOD FOR THE DETERMINATION OF CALCIUM AND 
MAGNESIUM IN LIMESTONES, DOLOMITE AND OTHER 
CALCAREOUS MATERIALS 


SURESH SINGH AND Kari PRASAD GUPTA 
Chemistry Department, St. John’s College, Agra. 


The chiefand valuable constituents of limestones, dolomite and other 
calcareous materials for purposes for which they are generally used are calcium 
and magnesium carbonates. Along with these may also be present traces or 
very small quantities of iron and aluminium oxides, silica and organic matter. 
The amounts of calcium and magaesium carbonates vary in different samples; 
their ratio is 1: 1 in dolomite. According to Pfaff the amount of magnesium 
carbonate in limestones varies from 11 to 46 per cent. It is, therefore, necessary 
to determine the contents of calcium and magnesium carbonates in limestones 
before they are used. The method prescribed by the Indian Standard Institu- 
tion for the analysis of limestone is as follows:— 


Limestone is finely powdered and sampled, and then sieved through a 
100 mesh sieve. After estimating the moisture and organic matter contents, 
the limestone is dissolved in hydrochloric acid; silica remains in the residue 
and the solution contains the metal chlorides from which iron and aluminium 
are precipitated as hydroxides on treatment with ammonium chloride and 
ammonium hydroxide, and are estimated as mixed oxides'or separately. The 
filtrate obtained after the separation of iron and aluminium hydroxides is used 
for the estimation of calcium and magnesium. Calcium is precipitated 
either as oxalate or as a salt of 8-hydroxy quinoline (oxine); the oxalate is 
weighed either as oxide or estimated volumetrically by titrating with standard 
solution of potassium permanganate. The magnesium in the filtrate obtained 
after the separation of calcium is estimated either as magnesium ammonium 
phosphate or as magnesium pyrophosphate. 


This method of analysis for limestones is also prescribed by American 
Standard Testing method. 


In recent years several woikers have extensively used the disodium salt 
of EDTA for the determination of calcium and magnesium in limestones, dolo- 
mite and other calcareous materials. This method involves two volumetric 
determinations; one of these gives the total calcium and magnesium and the 
other either only calcium or magnesium; the magnesium or calcium is then found 
by difference. Erichrome Black T indicator is used for the first titration and the 
titration of magnesium alone, and Murexide-sodium chloride indicator is 
employed for the titration of calcium alone. In order to employ this method 
a sample of limestone is generally dissolved in hydrochloric acid and iron 
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and aluminium are removed from the solution thus obtained by the TM 
of specified quantities of ammonium chloride and ammonium hydroxide; the 
calcium and/or magnesium are then estimated in the filtrate and washin SEE made 
upto a known volume. 


The above methcd for the estimation of total calcium and magnesium 
and calcium alone has been used by Jordan and Robinson!, Jonckers?, Perkins, 
Merrill and Idleburg? and Jodry*. Jonckers? fourd that the reaction is not 
instantaneous and hence he has suggested that the titrations should be carried 
out slowly and. the rate of reaction should be increased by agitation and raising 
the temperature to 45°C, Perkings, Merrill and Idleburg? used another 
method in which the mineral was dissolved in excess of standard EDTA and 
the excess was back titrated with a standard solution of calcium chloride. 
Jodry* used this method to determine the ratio of magnesium to calcium in 
carbonate rocks which guided him to predict the structure and secondary 
porosity in calcareous formations. 


The aforesaid workers made no attempt to separate calcium from magne- 
sium or vice veisa and estimated calcium in the presence of magnesium. 
However Skulla? and Flaschka and Huditz® separated calcium by precipitat- 
ing it alone with small amount of magnesium by the addition of sodium salt 
of N-hydroxynaphthalimide, igniting the precipitate to calcium oxide which 
is dissolved in hydrochloric acid, and the solution is titrated with EDTA using 
Murexide indicator. Verma, Bhuchar, Therattil and Sharma? extracted cal- 
cium in lime and silicate minerals with sugar solution and titrated the extract 
with EDTA using Erichrome Black T indicator. | | 


Other workers who attempted the separation of calcium from magnesium 
estimated magnesium instead of calcium. Banewicz and Kenner? precipitated 
calcium as oxalate and estimated magnesium in the filtrate using Erichrome 
Black T indicator. Gehrke, Afísprung and Lee? separated calcium as 
sulphite along with iron and aluminium hydroxides from the hydrochloric 
acid solution of limestone on  adiusting the pH. of the solution within 
a certain range. Muraca and Reitz!® have used mannitol for the separation 
of magnesium hydroxide from calcium hydroxide. 'The process of separation 
. is very elaborate and has to be carefully conducted. Magnesium is titrated 
with EDTA using Erichrome Black 'T indicator, and calcium is determined 
in the mannitol filtrates either by gravimetric or titrimetric methods. The 
results obtained by this method are reported to be excellent. Campbell and 
Kenner! have employed the method of ion-exchange chromatography for the: 
separation of magnesium from calcium for the determination of calcium oxide 
and magnesia in limestones and dolomite. Magnesium is determined by titra- 
tion with EDTA using Erichrome Black T indicator. Cheng, Kurtz 
and Bray digested the sample of limestone in perchloric acid and the 
solution obtained was used to determine calcium, magnesium and iron. Total 
calcium and magnesium was determined by” titrating the solution with 


\ 


- 
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EDTA, using Erichrome Black T indicator at pH 10, and calcium only was 
determined at pH more than 12 using Murexide-potasium sulphate, mixture; 
magnesium was determined by difference. Iron was determined by titrating the 
solution with EDTA usingsalicylic acid in methyl alcohol at pH 2-3 as indicator. 


It will be seen from the above account that nearly all methods in which 
EDTA is used as tbe titrant involve three operations for obtaining accurate 


results; these are : (i) the dissolution of limestone, dolomite or any other cal-- 


careous material in hydrochloric acid or any other reagent, (ii) the removal of 
iron and aluminium and (iii) the separation of calcium from magnesium or 
vice versa. These operations as well as the stages involved in the method of 
analysis prescribed by the Standard Institutions would take a long time to 
know the'contents of calcium and ‘magnesium carbonates in limestones or 
. dolomite or any other calcareous material, which are the primary requirements of 
consumers. The method of Standard Institution is very good for the complete ana- 
lysis of these materials and the methods involving the use of EDTA are equally 
efficient for the accurate determination of caleium and magnesium in them. 


Vogel!? observed that freshly precipitated calcium carbonate dissolves rea- 


dily in concentrated solution of ammonium chloride in the cold. Later Cantoni 


¿and Goguelia!l found that calcium and magnesium carbonates react with 


ammonium chloride and the reaction goes to completion at boiling temperature. 
“This observation has been confirmed. by Singh!?, by the estimation of am- 
monia and carbon dioxide evolved on the completion of the reaction and 
comparing the experimental values with those theoretically expected according 
to the following chemical equátion: | 


CaCO, +2NH,C1=CaC1,+2NH¿+C0,+H,0 - 


The authors observed that calcium and magnesium carbonates in lime- 
stone, dolomite and other calcareous materials also react with ammonium 
chloride in the same manner, and the reaction goes to completion at boiling 
temperature in a short time and other metals present in these materials go 
into solution, if at all, in traces. Hence they have used this method for the 
extraction of calcium and magnesium from the aforesaid materials, which is 
evidently quicker as the stage for the removal of iron and aluminium is 
automatically avoided by the peculiarity of the process of solution. The 
total calcium and magnesium in.the ammonium chloride extract is estimated 
by titration with EDTA, using Erichrome Black T indicator, and calcium 
alone in the solution is determined, ágain by EDTA titration, using GbHA 
indicator. The investigations. conducted under the auspices of the Indian 
Standard Institution on the subject gives conclusive proof ofthe accurate 
estimation of calcium in presence of magnesium in ratios varying from 0.0 
to 100 per cent in the mixture by the use of GbHA indicator, provided the 
amount of magnesium is not more than 25 mg. in 100 ml. of titre volume 
(private communication). 


The details. of the method followed by the authors are given below ; 


— - 
E . 
- 
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EXPERIMENTAL 
Reagents Used :— 


(1) A. R. ammoninm chloride. 
(2) M/100 disodium salt of EDTA solution, obtained by Dd 4 
. g. of disodium salt of EDTA in a litre of redistilled water and 
standardising it with a standard calcium solution. 

(3) Ammonium buffer of pH 10, obtained by dissolving 67 g. of ammo- 
nium chloride in 570 ml. of liquor ammonia and making upto one 
litre. 

(4) 1% potassium cyanide solution. - 

(5) Triethanolamine. i 

(6) Absolute alcohol. ` | 

X7) 4% caustic soda solution obtained bi dissolving 40 g. caustic soda 

' pallets in ọne litre of redistilled water. . 

(8) Concentrated hydrochloric acid. 

(9). M/100 standard calcium solution, obtained by dissolving 1g. calcium 

- carbonate in hydrochloric acid and making upto one litre. 

(10) Erichrome Black T indicator, . obtained by dissolving 0:2 g. of 
the indicator in 15 ml. of triethanolamine and 5 ml. of absolute 


- alcohol. = 
(11) Murexide—sodium chloride indicator, obtained by mixing Murexide 


and sodium chloride in the ratio 1: 100. 


. (12) 0.25% Glyoxal-bis Hydroxyanil (GbHA) indicator, obtained by . 
dissolving 0:25. g. of GbHA-: in 100 ml. of absolute alcohol. 


Procedure : 


Limestone is finely powdered and sampled and then. sieved through 
a 100 mesh sieve. lg. of limestone is dissolved in necessary amount of am- 


- monium chloride solution and the solution after filteration and washing is 
made up to 250 ml. 


The total calcium and magnesium is determined by titration with 
EDTA at pH -10, using. Erichrome Black T indicator. Calcium in the 
mixture containing magnesium is estimated by titrating the mixture at pH 
more than 12 against EDTA, using Murexide Indicator. 


In actual procedure 5 ml. of limestone solution in ammonium chloride 
are taken, 4-5-drops of triethanolamine solution and 4-5 drops of Erichrome 
Black T indicator are added to it. 'The solution is then heated to about 

60°C. To maintain the pH 10, ammonium buffer is added to the solution 
which is titrated against a standard solution of EDTA. The volume of o 
EDTA consumed ps the value of total calcium and ee present in 
the solution. : 
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. Another 5 ml. of limestone solution are taken and, treated with 
triethanolamine in the same manner as before. To this are added 15 ml. 
of 4%, caustic soda solution to maintain the pH more than 12, and about 
0.01-0:05 g. of Murexide-sodium chloride indicator. The solution is then 
titrated against standard EDTA. The titre gives the amount of calcium 
alone in the solution. The difference between the first and the second 
determinations gives the amount of magnesium in the original solution. It 
was, however, found that the results obtained: by the use of this indicator 
are not very accurate and repeatable, as the end point is not very sharp, 
. that is the same end point is not obtained every time; these results are not 
given in this paper. 2 


The amount of calcium in the solution of limestone was hence determined 
by using more recent Glyxal-bis Hydroxyanil indicator (GbHA), which has 
been described by Goldstein!* for complexometric titration of. calcium and 
used by Verma and Bhuchar" for the estimation of calcium by EDTA 
method. GbHA gives a red coloured’ calcium complex at pH more than 
12 which .is ‘soluble in alcohol. For this determination 5 ml. of. the 
limestone solution in ammonium chloride containing calcium and magnesium” 
are taken. 4 drops of triethanolamine (to mask heavy metals), a known 
excess of standard EDTA solution, 2-5 ml. of alcohol, 15 ml. of caustic 
soda solution to bring the pH to more than 12 and 5-10 drops of GbHA 
solution’ are added to it. The solution is then titrated against standard 
. ‘calcium solution. . The colour of the indicator changes from yellow to 
orange and finally to pink due to the formation of calcium complex with y 
GbHA. The.end point is quite easy to perceive ana sharp. Magnesium. 
is then determined by difference, : | 


Magnesium has also been determined directly after the estimation of 
calcium by the aforesaid method, by adding concentrated - hydrochloric 
‘acid to destroy the calcium complex with GbHA and again adding the 
masking agents, and titrating it against standard EDTA solution at pH 
10 maintained by adding ammonium buffer, using Erichrome Black -T 
indicator. The EDTA consumed directly gives the value for magnesium 
(private communication). 


The results obtained are given in Table in which the 2nd and 3rd 
columns. give the name and source of the mineral; the 4th and 5th columns 
give the percentage of calcium and magnesium in the minerals as determined 
by the usual classical method; the 6th and 7th columns give the percentage 
of calcium and magnesium as determined by EDTA  method,. using 
Erichrome Black T and GbHA indicators, from HCl solutions made for 
. experiments used for estimations by the classical method; the 8th and 9th 
columns give the percentage of calcium and magnesium obtained mom the 
solutions made i in ammonium chloride solution, 


y > 


me 
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It will be seen from the Table that very accurate and reliable percen- 
tages of calcium ‘and magnesium can- be obtained by the method suggested. 
by the authors in a comparatively short time. 
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DISCUSSION 


_ operations :— 


are thankful to Dr. 


(i) *the dissolution of the mineral containing calcium . and magnesium , 


(ii) 


carbonates in ammonium chloride, and 


titrating the solution obtained against. EDTA in two stages, 


Using (a), Erichrome Black T anc (b GbHA indicators. 
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THE ORIGIN OF LIFE 


O: N. Pertti | 
Professor -of Chemistry, Th. D.S. B. Government College, Noni Tal, India. 


ae 4 l a un / 


The problem of the origin of life has been critically evaluated. 
It has been pointed out that the only kind of life with which we are 
familiar is life as found on the Earth and the discussion should be confined 
to the terrestrial form of life. The latest evidence available regarding the 
hypothesis of extra-terrestrial origin of life has been reviewed. It has been 
pointed out that the orgainsed microstructures found in carbonaceous chond- 
rites can possibly be obtained inthe laboratory. Experimental production 
of such structures has been described. 


In support of the hypothesis of terrestrial origin of life the.role of 
photosynthesis of amino acids and peptides in aqueous solutions has been 
emphasised. 


The problem of the origin of the first cell like structure has 
been discussed. The improbability of the: suggestion that the constituents 
of the cell such as nucleic acids, adenosine  phosphates, enxymes etc. 
were obtained by Nature separately and then brought together to form the 
first animal cell has been stressed. The recent theory of Bahadur and 
Ranganayaki regarding the origin cf cell has been elaborated. It 
has been pointed out that the property of duplication and adaptability to 
environment can be manifested by inanimate matter under suitable conditions. 
Experimental preparation of- approximately cell-size units capable of growth, 
multiplication and metabolic activity has’ been described. It has been 
suggested that the first cell might have evolved in this manner. A 
suggestion has been made that the manifestation of biological properties of a 
higher order by inanimate matter is merely a question of arranging the 
inanimate matter-in such a way that it can manifest its inherent properties of 
replication and adaptability in a harmonious manner. 


ÍNTRODUGTION 


The problem of the origin ‘of life intrigued philosophers since 
the most remote antiquity. In different ages different answers were given.*,? 
Thinkers or religious teachers in ancient China, Egypt and Babylon believed 
in various traditions and legends all of which go to show that the origin of 
life was a creative act of God at some remote antiquity. The ancient Hindus 
were generally of the opinion that: life originated by natural means through 
the interplay of what were believed to be the primary elements.4 They also 
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, pointed out that initially life originated in water.5 The philosophers of the 
Ionian School (600 s. a.) in Greece taught that animal life originated in sea 
slime by the action of heat, sun and air. The views of Aristotle (384-322 
B. C.) deserve special mention as they had.very wide ramifications and 
influenced human thought for the next one thousand years or more. Aristotle 
taught that living as well as non-living things were produced by the union of 
matter with form which is the entelechy or soul of living things. It has been 
suggested that Aristotle's theory of spontaneous generation of life was accepted 
by Romans and through them by the founders of Christianity in particular by 
Basihus and Saint Augustine who believed that this phenomenon of sponta- 
neous generation of living things was the manifestation of the will of God." 
The ideas of the Christian church dominated European thought for the next 
ten: centuries or more. Mention may, however, be made of the theory of 
Alexander Neckam (1157-1217) who believed that goose can be produced 
from fir-trees with the help of salt from sea water!; of the reports of- travellers 
like Odorico da Pordenone (1331), Maundeville (1300-1372) and others who: 
talked of having seen in the Orient lambs obtained from melon like fruits of 
8ome trees?; and, of the recipe of Paracelsus (1493-1541) for the preparation 
of homunculus or the embryo of the little man who required human blood for 
its nourishment.? Many prominent scientists of the sixteenth and seventeenth 
century had also similar views. Van Helmont (1577-1644) gave a prescrip- 
tion for obtaining mice from wheat karnals(? Harvey (1578-1657) who 
coined the famous phrase Omne vivum ex ovo (all living from the egg) believed 
in generatio aequivoca (spontaneous generation) of worms, insects etc.!! Even 
Descartes (1596-1650) and Newton (1643-1727) accepted without reserve 
the theory ofspontaneous generation of life from lifeless matter. 


The first available mild contradiction of the theory of spontaneous 
generation is to be found in the treatise of Francesco Redi entitled *Esperienze: 
intorno alla generazione deglinsettt’ published in 1668. His work attracted 
little attention as he could not pick up enough courage to denounce the 
theory outright. In the meantime Leeuwenhqck (1632-1723) used microscope 
and discovered a new world of viva animacula, the tiny 'little beasts.12 The 
work of Leeuwenhock, Joblot!?, Buffon (1707-1788)14, Needham (1713- 1781): 
and others of the same peried indicated that in fermentation, in the decaying 
vegetable and animal matter, living microorganisms were produced by 
something which got into them from air. They, however, continued to have 
faith in the spontaneous generation theory and generally believed that in 
every microscopic particle of organic matter there was a vital force or vital 
principle which could give rise to life. Even Lamarck (1744-1829) against 
his general concepts of Nature continued to believe in the,possibility of 
spontaneous generation of mushrooms and parasites.10 In 1765 L. Spallan- 
zani published some experimental results which. questioned the theory of 
spontaneous generation of life. However, his work failed to convince many. 
In 1859 Pouchet!,!$ published a seven hundred page account of the experi- 
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ments indicating the possibility of spontaneous generation and The French 
Academy of Sciences offered a prize for experimental confirmation or 
disconfirmation of the theory of autogeneration of living things. This prize 
was awarded to Louis Pasteur. Pasteur showed by a series of brilliant 
experiments!’ 2 21,22 what was believed to bea conclusive demonstration that 
living systems could not arise out of the non-living material, He showed 
that only life begets life and that life cannot be created spontaneously out of 
the non-living. Though some scientists, foremost amongst them being 
Bastion??, questioned the experiments of Pasteur but a vast majority of 
scientific wozkers unequivocally accepted his findings. This gave a sort of 
death blow to thetheory of spontaneous generation and many scientists 
jumped to the conclusion that spontaneous generation of life could never 
have occurred, Majority of the. scientists were of the opinion that the 
problem of the origin of life cannot be tackled by scientific methods and 
must be considered to be unworthy of E attention of any serious scientific 
investigator. 


o 


Even up to the middle of the present century one can find only a very few 
ieolated attempts towards a scientific solution of the question of the origin of 
animal life. Comparatively recent developments in the field of chemistry, 
biochemistry, and particularly in the sphere of knowledge about the primitive 
Earth and its atmosphere. has brought about a change in this attitude, 
Scientists have begun to realise that Pasteur was working in the time-scale 
of his life and was not considering what might have happened 2-3 thousand 
million years ago.24 The recent event which focussed the attention of scien- 
tists on to this problem was the holding of an International Symposium on this 
subject at Moscow on 19th-24th August, 1957. In his Introductory Address at this 
symposium Academician A. I. Oparin remarked “.:....twenty or thirty years 
ago, even the calling ofsucha Symposium would have been completely im- 
-possible in- that, until quite recently, experimental scientists had not paid 
sufficient attention to this problem."?5 Since then the problem of the origin 
of life is considered to be a very fascinating and complex problem. It 
poses questions bristling with complexities and the modern scientific investi- 
gator is not averse to accept the challange to investigate it experimentally. 


SoME FuNDAMENTAL CONSIDERATIONS 


N. W.Pirie has emphasized that in any discussion relating to the problem 
ofthe origin of lifethere is no place for any kind of dogmatism how- 
soever supported it may be by experimental or other kind of evidence.?9'77 
There is always more than one possibility and one cannot afford to ignore 
another point of view or another aspect of the problem at any stage. 


The only kind of life with which we are familiar is the life found on our 
planet called the Earth. This statement does not assume that life on other 
planets in the universe does not exist today or has never existed there in the 
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past. During comparatively a short time human beings are now able to send 
astronaut after astronaut into space. Why can we not assume that 2-3 thou- 
sand million years ago intelligent beings might have lived on other planets and 
might have developed space travel ? It has recently been pointed out that. 
intelligent beings on other planets might still be trying to contact us by radio 
and a search is being currently conducted by the U. S. National Radio Astro- 
nomy Observatory for interstellar communications of this type.?9'3? Tip to the 
present, as far as is known to me, no positive evidence has been obtained but 
such a possibility is no longer considered to be unscientific.o My contention 
is that up to the present the only kind of life with which we are familiar is. 
the one found on the Earth and it would be desirable to restrict oneself to the 
kind of life found on this planet only. 


There is considere scientific evidence to believe that our planet hasa 
finite age which is of the order of 4-5 thousand million years. 9128834 We 
may well ask whether this planet always possessed living organisms or life 
made its appearance sometime after its formation. Preyer in 1880 developed 
a very cogent theory of the eternity of life.35 His main argument was that if 
life cannot be created out of the non-living then it must have existed ever since 
the Earth was formed in the form of universal life essence. This theory hadits. 
adherents for sometime but was later given up in the face of newer discoveries 
and today it is only of historic'interest. According to H. C. Urey the earlier 
stages in the formation of the Earth involved temperatures upto 2000°C, a 
‘temperature at which even if living organisms existed they would be completely 
destroyed,39 3733 Tt is highly probable that life made its first appearance on 
the Earth 2-3 thousand million years ago as that is the probable age of the 
. . oldest detectable fossils.3? Other considerations such as the conditions suitable 
^. for existence of life, also point to near about the same period for the appearance 
Gflife on the Earth. The available evidence, however, is not conclusive 
but from all that we know today, it is highly probable that life made its first 
appearance on this planet a couple of thousand million years after its formation 
from the primeval nebula from which it condensed. 


The question that now. arises is whether the first living organism was 
formed here on the Earth or it was brought to our planet from elsewhere in 
space. We cannot dismiss either hypothesis as ridiculous or unscientific. If 
we accept the hypothesis of extra-terrestrial origin of life on this Earth, then 
we accept the ready packaged solution of the problem. On the other hand, 
if we have faith in the terrestrial origin of life then we have to explain the 

" multiple mechanisms which might have taken place before life emerged from 
the non-living. Scientific evidence is now available in partial support of 
either hypothesis. 


Tae HYPOTHESIS oF EXTRA-TERRESTRIAL ORIGIN OF- LIFE 


In any consideration of the hypothesis of the extra-terrestrial origin 
of life on the Earth mention must be made of the earlier theories dealing with 


May, 1963] . O. N. PERTI on Origin of life — | 5 


what have been termed as cosmozoa or panspermta since more or less similar ideas 
are present even today. In. 1865 Richter made the suggestion that some- 
wLkere in the universe” there were -always cosmic bodies present on which life 
ex'sted in cellular form.4° Fragments from these could float in the interstellar 
space and could be accidentally brought into contact with a planet where 
conditions for life were already favourable. Liebig also held similar views and 
believed in eternal organic life which was never really created but was merely 
transmitted from one planet to the next.14 In 1884 Helmholtz made the 
suggestion that live germs were brought to the Earth by meteorites.4# In the 
beginning of the present century Arrhenius first advocated this idea in all 
seriousness in his book Lehrbuch der Kosmischen Physik (1903). He proposed 
that the spores of microorganisms (panspermia) could be carried into upper 
atmosphere and from thence they could escape into interplanetary space and 
given sufficient time, guided by the pressure of sunlight, they could land on 
another planet or elsewhere in the universe. Given favourable conditions 
and sufficient time they could start a chain of events which would ultimately 
result in various life forms that we see today. | 


There is scientific evidence to show that microorganisms do exist in the 
upper atmosphere** and that bacterial spores can survive considerable tempera- 
ture variations and can resist complete lack of nutrients for considerable periods 
of time.*5 "There is, however, no direct evidence available for the existence or 
non-existence of microorganisms in space. Itis also unlikely that bacterial 
spores can survive the onslaught of ultraviolet and other radiations which are 
present in interplanetary space.% The suggestion of Helmholtz that meteorites 
can be their possible carriers has recently been revived. Currently critical 
examination of meteorites is being carried out from the standpoint of possible - 
biological significance. It may here be recalled that the earlier investigations 
of Pasteur” and others*® gave negative results but studies of Lipman‘®’® during 
1932-36 revealed the presence of a number of common bacterial species from 
the centres of surface sterilised meteorites. The results of Lipman are, however, 
not unambiguous as they may be due to terrestrial contamination of the meteo- 
rite after its fall. The recent chemical and physical studies of meteorites are 
of greater interest, Presence of sulphur compound* and quite a lot of uniden- 
tified organic compounds has been reported.5? Particular significance is 
attached to.the report of Prof. M. Calvin of the University of California, in 
1957, who has claimed to have found an organic compound having spectral 
and solvent properties closely resembling cytosine, one of the basic units of 
which the nucleic acid molecule is built.?3 Upto date studies show that 
amongst the compounds which have been definitely identified are: hydrocar- 
bons (paraffins+naphthenes +aromatics), fatty acids, aromatic acids and 
phenols of low molecular weight and amino acids.** Kaplan ef al have recently 
presented detailed analyses of several meteorites and have reported the pre- 
sence of considerable amounts of amino acids.°> Amongst the amino acids 
detected are arginine, ornithine, lysine, histidine, aspartic acid, glutamic acid, 
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glycine a-alanine, f-alanine, serine, proline, valine, threonine, leucines, 
tyrosine, phenyl alanine and methionine. -It is interesting to note 
that a mixture of many of these amino acids in different meteorites has been 
found. ` Studies based on radioactive ‘carbon®®*’5? indicate though not unam- 
biguously® that some of the meteoritic carbon is of biogenic origin. ` Special 
significance attaches to the recent reports of the presence of organised micro- 
structures found in some carbonaceous chondrites by Dr. George Claus of New 
York University, Medical Centre, and Prof. Bartholomew Nagy of the 
Department of Chemistry, Fordham University, New York.5? They have made 
the suggestion that : “...the organised elements may be micro-fossils indigenous 
to the meteorites.” Studies of other workers 6962826864 has given support to 
this view though some are of the opinion5? 95 that these micro-structures may 
merely be the result of contamination from terrestrial sources. Oa the avail- 
able evidence it is impossible to decide on the exact nature of these ‘organised 
elements”. If the ‘organised elements’ should prove to be indigenous 
microfossils then it may lead to the formulation of either of the two following 
hypotheses: (i) Lifeis not a unique property confined to the planet Earth 
but it may have evolved in various parts of the universeóé or (ii) These 
organised elements are terrestrial forms that contaminated the moon from 
the Earth during early geological times®? by the impact of meteorites into 
terrestrial bodies of water. 


To sum up the main evidence available today for the hypothesis of 
extra-terrestrial origin of life, we may say that it is unlikely that unprotec- 
ted life bearing spores could travel in space and be not destroyed by intense 
radiations present there, Ifthe contention of Claus and Nagy is tenable 
. then it is possible to imagine that these spores could have been brought to 
the Earth by meteorites. Lastly, there is the suggestion that contact with 
the Earth was made by intelligent beings living on other planets. So far as 
the question of contamination by space-travelling extra-terres trial intelligences 
is concerned future alone can confirm or disconfirm the hypothesis. At the 
present, the hypothesis of extra-terrestrial intelligences, in the words of 
Dr. Briggs??, “is as likely as any other" for are we not taking precautions to 
avoid contamination of other planets by man made satellites ,68’69 


Tse HYPOTHESIS OF TERRESTRIAL ORIGIN or LIFE 


I would now take up the hypothesis of terrestrial origin of life. 
We have to make a beginning by assuming the correctness of the uniformi- 
tarian principle or the principle of Lyell/? "This principle | substantially 
means that no occult phenomena are involved and no forces or principles 
operated to bring life into being in the past that do not operate now. This 
means that we have to make a beginning by accepting the theory of abiogenesis, 
that is, life originated from non-life. It may be pointed out here that the 
assumption of the uniformitarian principle may not be wholly valid as Haldane 
has argued"??? that physics and chemistry in the 'pre-cambrian era might 
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have been significantly different from what we have today. Nevertheless, 
one has to make a start by accepting the uniformitarian principle otherwise 
further progress in scientific investigation of/ the origin oflife on this Earth 
would be practically impossible. | 


Having accepted the uniformitarian principle it follows that we have to 
search in the present world for processes which might have occurred 2-3 tho- 
usand million years ago. In this connection the ideas of Henderson given in 
Fitness of The Environment are very important. He points out that in any con- 
sideration of biopoesis or life-making we must take into account the gases pres- 
ent in the primitive atmosphere and the chemical elements present in Earth's 
crust and their chemical and physical properties. l 


There are reasons to believe that the atmosphere of the Earth has grad- 
ually evolved.73 The work of Urey”%, Vinogradov?5, Sokolov?® and others tells 
us that in the first stages of the Earth the atmosphere consisted mainly of 
hydrogen and helium together with small amounts of neon. Later nitrogen, 
carbon monoxide, carbon dioxide, methane, ammonia, water vapour and 
sulphuretted hydrogen were added to it along with traces of other rare gases. 
There was practically no oxygen which appears to have been added ata 
much later biogenic stage. Thus the prebiogenic atmosphere of the Earth 
‘was highly reducing in its chemical nature." There were a variety of 
energy sources such as sunlight, lightening, terrestrial radioactivity, volcanic 
heat etc. which were continuously acting on the primitive atmosphere. 
It is obvious that a variety of reactions could take place. In the considera- 
tion of the origin of life we would be primarily concerned with the 
production of organic compounds out of which the most important ones 
would be amino acids which are the building units of proteins, the basic 
stuff of animal life. | 


ORIGIN OF AMINO ACIDS 


W.Groth”8,79 and also A. N. Terenin® have shown experimentally that 
a number of organic compounds can be produced from gaseous mixtures con- 
stituting the primitive atmosphere by exposing them to ultraviolet radiations. 
Others 8182 have been able to get more or less similar results repeating the 
experiments butusing X-rays and high energy electrons. Miller and Urey 
in U.S.A.$9808586 and Pavlovskaya and Pasynskii®? in U.S.S.R., and others*®’8? 
have tried to simulate conditions of lightening by passing electric discharge 
through a mixture of some of the gases present in the prebiological atmos- 
phere of the Earth. "They could detect the formation of several organic com- 
pounds including amino acids. Table 1 gives a summary of the data.7730 
Amino acids have also been obtained by thermal processes, 90791 


Krishna Bahadur and co-workers have published results on the photoche- 
mical formation of amino acids in aqueous medium using paraformaldehyde 
as source of carbon,91 9? 995 — Paraformaldehyde is a compound of high moler 
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cular weight which is produced by evaporation of an aqueous solution of for- 
maldehyde known commonly as formalin. It is known that carbon dioxide dis- 
solved in water gets converted into formaldehyde when exposed to light. 9897 98799 


- TABLE 19077 


Products and yields of sparking a mixture of methane, ammonia, 
hydrogen and water vapor; 710 mg of carbon added as methane 


CTN CNA SAA PE TAN RE STIS IIE SNE MEELIS IEE EI LE ETNIA 


Compound Yield (moles x 10°) 
Glycine | 63 
Sarcosine (methyl glycine) | 9 
Alanine 34 
Beta-alanine 15 

- N-methyl-«-alanine I 
4-Amino-n-butyric acid 5 
«-Amino-iso-butyric acid 01 
Aspartic acid 0:4 
Glutamic acid 0:6 
Imino diacetic acid 555... 
Urea 74 
N-methyl urea 007 L5 
‘Glycollic acid ' 56 
Lactic acid 31 
X-hydroxy-butyric acid | - O1 
Succinic acid _ 4 
Formic acid | . 233 
Acetic acid 15 
Propionic acid EM 3 


D AAA AAA unum oes E E med 


This indicates that paraformaldehyde could have been easily available in the 
prebiogenic state of the Earth. Oparin!9? has quoted a private communication 
from A. Bach who found that if a mixture of formaldehyde and potassium 
cyanide in solution is kept aside then after a lapse of time a peptone like sub- 
stance can be isolated from the mixture. It is also interesting to recall that 
in the electric discharge experiments (Table 1) by far the greatest amount of 
organic substance produced is formic acid which in the reducing atmosphere 
of the primitive Earth could have been easily converted into formaldehyde 
which might have yielded paraformaldehyde. Whatever might have been the 
reason for the choice of paraformaldehyde as source of carbon in these 
experiments, the results were very interesting. These workers found that under 
. sterilised conditions a mixture of paraformaldehyde, potassium nitrate, ferric 
chloride and water when exposed to light from a 500 watt bulb could give rise 
to amino acids. Depending upon the pH of the solution different amino acids 
were seen to be formed in the solutions. Later these workers found that even 
a mixture of paraformaldehyde, colloidal molybdenum oxide and water can. 

produce amino acids with the help of light from a 500 watt bulb. "These: 
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experiments go to show that for the production of amino acids all that we 
need is water, a carbon source, some minerals, nitrogen of the air and sunlight. 


I may mention here that some experiments recently carried outin my 
laboratory lend support to the view that the production of amino acids by 
fixing nitrogen of the air in aqueous solution is not a very difficult process. For 
instance, it is well known that tartaric acid decomposes rapidly when its solu- 
tion is exposed to ultraviolet light.101%102 In this process a lot of energy is libe- 
rated and it is quite possible that fixation of the nitrogen of air can take place 
along with decomposition. C. B. Sharma was asked to reinvestigate the decom- 
position of tartaric acid under ultraviolet light. He was able to detect the 
presence of nitrogen in aqueous solutions of tartaric acid kept under a source of 
ultraviolet radiations. Chromatographic analysis revealed a couple of ninhy- 
drin positive spots. ‘Sharma secured a stipend and left my laboratory to work 
at Biochemistry Department of A. & M. College, Texas. This work was again 
taken up in a more systematic manner by (Miss) Vimal Paul. She started with 
chromatographically pure tartaric acid and used nitrogen free double distilled 
water for preparing solutions. She exposed a 5% aqueous solution of tartaric 
acid to ultraviolet radiations from a 500 watt mercury vapour quartz lamp. 
When the solution was kept at a distance of 38 cms. from the lamp, she found 
after 1 hour of exposure the presence of glycine, alanine and even glutamic acid 
in the solution. When exposure was continued upto 4 hours further ninhydrin 
positive spots were detectable in the developed chromatogram, two of them 
possibly corresponding with x-amino butyric acid and valine. The work 1s 
being persued further and citric acid is also being tried on similar lines. At 
present it is not possible to say whether the amino acids appear in solution one 
by one or in the beginning only one is formed and gets converted into others 
with the help of several free radicals which might be expected to be present in 
the solution. The problem and experiments relating to interconversion of 
amino acids would be described in some detail in the next section. 


It appears that in the beginning lightening, sunlight (containing more 
ultraviolet than at present), terrestrial radioactive radiations and volcanic 
heat made the gases of the primitive atmosphere react to produce certain 
organic compounds including a small amount of amino acids. These compo- 
-unds got dissolved in water which also contained many minerals. When 
sunlight played on such solutions the nitrogen of the air could be constantly 
converted into different amino acids and thus the ingredients-required for the 
production of proteins were made available in quantity. There is little doubt 
that the bulk production of amino acids must have taken place in aqueous 
medium using simple chemicals and sunlight as energy source. 


" INTER CONVERSION OF AMINO ÁCIDS AND PRODUCTION OF PEPTIDES 
IN THE PREBIOLOGICAL ERA 


- "The photochemical formation of different amino acids and peptides in 
aqueous medium has been observed by Krishna Bahadur et al 199194 and also 
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by us,105"106*107%108 Our starting point was chromatographically pure amino 
acids. To some of them we added sugar as energy material. To others 
we added colloidal metallic oxides like those .of molybdenum, vanadium or 
iron. All these solutions were perfectly sterilised and then exposed under 
sterilised conditions to sunlight, to light from a 1000 watt bulb and in certain 
cases to ultraviolet light. We noticed that chemical changes occurred only 
in those solutions which were exposed to light but similar solutions kept in 
dark or wrapped in heavy black cloth remained uneffected. Exposure to 
different kind of light upto 600 hours duration were carried out and periodi- 
cally the solutions were taken out under sterilised conditions and examined 
by the chromatographic method of analysis. , To our surprise we noted that 
the solutions of single amino acids could give rise to other amino acids. At 
the same time we could also notice that these amino acids were combining 
amongst themselves to yield peptides. As the time of exposure was increased 
a bewildering number of compounds were appearing to be formed. In fact, 
we found that we could not positively identify many of them and had to con- 
 tentourselves by-mentioning in our papersió5109107108 €... plus several 
unidentified products,” ` 


- Recently (Miss) Vimal Paul has carried out very interesting studies on 
aliphatic amino acids by exposing their aqueous solutions to ultraviolet light. 
'To explain the importance of this study it is necessary to recall some earlier 
work, The splitting of ammonia from amino acids or deamination of amnio 
acids has been observed by various workers when amino acid solutions 
are exposed to radiations such as ultraviolet, X-rays, cathode rays, 
radioactive radiation from radon etc.109”110111112 113114 Tieben and Urban 
have.pointed out that only the a-amino group undergoes this reaction.!!5 In 
the case of glycine it has been suggested that ammonia and glycollic acid are 
formed.36 A vide variety of amino acids have been found to be readily 
deaminated.U718 Evolution of ammonia has been observed in the case of 
alanine.11% We have found earlier that aqueous solutions of amino acids undergo 
complicated.changes when exposed to sunlight or to light from a 1000 watt 
bulb.1967198 Tn the case of sunlight it was noticed that the rate of reaction was 

‘slightly higher when transparent quartz containers were used. Moreover, these 
experiments were being conducted at Naini Tal at an altitude of about 7000 ft. 
All this pointed to the role of ultraviolet flux in sunlight. It occurred to us 
that in the previously known deamination studies stronger sources of radiation 
were used and prolonged exposures were given with a view to detect the for- 
mation of ammonia, It wasjust likely that if short exposures and milder 
sources of radiations are used then the photolysis may initially proceed in a 
different direction. 


Miss Vimal Paul has recently found that if we use 0.1% solution of 
glycine and expose it for very short periods to ultraviolet radiations from a 
500 watt mercury quartz lamp interesting changes are observable. After | 
minute of exposure alanine is detectable in the solution. When the exposure 
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time is 2 minutes glycyl-glycine, amino butyric acid and valine are also detect- 
able. There was a faint indication of the formation of glycyl-glycyl-glycine also. 
As the exposure time was increased to 30 minutes or more the peptides were 
found to disappear and only the presence of alanine was traceable. Curiously 
enough when a similar solution of alanine was used the formation of glycine 
could be detected after an exposure of 30 seconds. When exposure was con- 
tinued upto 5 minutes presence of peptides was also trateable. However, on 
further exposure the chromatographic analysis of the solution. showed only the 
presence of alanine. "These studies indicate that alanine can be converted into 
glycine or vice-versa if we use very short exposures to ultraviolet. Even 
formation of peptides is possible under these circumstances. 


I may also mention some of the very recent experiments carried out in 
my laboratory. A solution of glycine (0.1g), alanine (0.1g) and ascorbic acid 
(0.1g) in 100 ml water was exposed to ultraviolet light. . After an exposure of 
30-90 seconds several compounds could be identified in the solution. Glycine, . 
alanine, valine, amino butyric acid, diglycine, triglycine, tetraglycine, penta- 
glycine, alanyl-alanine, alanyl-glycyl-glycine could. be detected. On con- 
tinuing exposures upto 15 minutes the quantity of these substances appeared 
to increase as judged by the intensity of spots on the chromatograms. When 
exposures were carried out beyond 15 minutes, it was noticed that the inten- 
sity of spots on the chromatograms was diminishing indicating that the 
quantity of these substances formed is also diminishing. 


The above experiments were carried out by exposing naked solutions to 
ultraviolet radiations from a mercury quartz lamp kept at a distance of about 
30 inches. R. C. Rastogi has carried out similar experiments using a richer 
source of radiations—a naked carbon arc (55 volts, 6-7 amperes). He used 
sterilised aqueous solutions enclosed in transparent quartz vessels. Some of 
the results obtained by him are given below: 


Exposure of a sterilised aqueous solution of glycine kept at a distance 
of 15 cm. from the carbon arc showed the formation of alanine in 5 seconds, 
An exposure of five seconds was given and the solution was analysed chro- 
matographically the next day. When the exposure time was increased 
further the chromatographic analysis indicated the disappearance of alanine. 
The experiment was repeated with the addition of ascorbic acid to glycine 
solution. After an exposure of 5 seconds very small amounts of alanine, 
valine, glycyl-glycine could be detected. When exposure time. was increased 
upto 2 minutes more amino acids and peptides were seen to be formed. 
Further increase of exposure time particularly beyond five minutes indicated 
decompositions of the products formed. _ | 


On exposure of alanine solution to carbon arc the formation of glycine 
could be detected after 40 seconds. However, when the. exposure time was 
increased further the glycine formed presumably decomposed. In this expe- 
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riment the distance between the flask and the carbon arc was 15 cm. In 
order to have still milder conditions the distance was next increased to 45 cm. 
Glycine could then be detected after 10 seconds of exposure time. After 30 
seconds of exposure even alanyl-glycyl-glycine and glycyl-glycyl-glycyl-glycine 
could be detected. Ifexposure time is further increased then the reaction 
follows the course of decomposition. When a mixture of glycine and alanine - 
was used, however, no new compound was detectable after exposures of 5 
second to 10 minutes. It appears that under these circumstances only inter- 
conversion of glycine to alanine and vice-versa takes place. If. ascorbic 
acid is added to the mixture of glycine and alanine then after 5 seconds of 
exposure formation of valine could be detected. Increase of exposure time 
upto 2 minutes indicated formation of newer amino acids and even peptides. 
Further exposure, however, led to the decomposition path. | 


These and similar studies would shortly be published by us in greater 
. detail, 'They point to a way that many amino acids can be obtained by a 
single amino acid merely by the agency of light. Our. investigations using 
tyrosine have been very extensive and thorough. These investigations have 
been partly incorporated in the Ph. D. thesis of H.D. Pathak. Some of these 
results bave already been published 1% and others which would be published 
shortly in detail are brieHy described here as they are of interest in connection 
with the problem of the origin of life. 
t 

It was found that when an aqueous solution (sterilised) of tyrosine was 
exposed to sunlight phenylalanine was formed after about 80 hours of expo- 
sure. 20 hours further exposure showed the formation of glycine. When 
exposure was continued upto 400 hours glycyl-tyrosine could also be detect- 
ed. Besides a few more compounds were also formed which could not be 
identified. A very faint spot of dityrosine appeared after 300 hours of ex- 
posure on the paper chromatogram but it disappeared soon. 


If to tyrosine solution colloidal molybdenum oxide was added and the 
mixture was irradiated with sunlight phenylalanine formation could be de- 
tected on 80 hours exposure, Glycine was produced on 100 hours exposure. 
Further exposure upto 300 hours caused synthesis of glycyl-tyrosine. When 
exposure was continued for 100 hours further, alanine could also be identified 


. in the solution. A few more compounds were also formed which could not 
be identified positively. 


An identical solution of tyrosine containing colloidal vanadium pen- 
toxide indicated the formation of phenyl alanine on 80 hours exposure and 
glycine on 100 hours exposure to sunlight. Glycyl tyrosine was found to be 
formed on 250 hours irradiation with sunlight. When the solution was ex- 
posed to sunlight upto 400 hours, in addition to alanine, glycyl-alanine was 
also found in the solution. .A few other compounds were also detectable 
in traces but they could not be identified positively by us. It appears pro- 
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bable that vanadium pentoxide helps in the formation of glycyl-alanine. (cf. 
when molybdenum oxide is used). 


When colloidal ferric oxide was used in “place of molybdenum or vana- 
dium oxides slightly different results were obtained. Phenyl alanine was 
found on 80 hours exposure. Further. 20 hours irradiation caused the pro- 
duction of alanine and glycine. If exposure was continued upto 250 hours, 
the solution also indicated the formation glycyl-tyrosine. 100 hours further 
exposure showed the presence of glutamic acid also. There were also other 
products in traces. It appears that colloidal ferric oxide-is perhaps more 
effective than either colloidal molybdenum oxide or vanadium pentoxide in 
catalysing this type of photochemical change. 


Next in the above type of experiments sunlight was replaced by ultra- 
violet light from a 300-watt high pressure mercury vapour quartz lamp for rea- 
sons which have been mentioned previously in this section. It was found 


that photolysis of tyrosine and photo-synthesis of peptides in DOSE solution 
was-more pronounced. 


When ‘sterilised aqueous solution of tyrosine in transparent quartz vess- 
els was exposed to ultraviolet light, alanine was seen to be formed on 3 hours 
exposure. Further exposure of 3 hours showed the formation of glycine and 
phenylalanine. When exposure time was increased further by 4 hours gly- 
cyl-alanine and glycyl-tyrosine could also be detected in-the solution. Irradia- . 
tion upto 15 hours exposure time indicated the formation of glutamic acid also. 


When the solution contained colloidal molybdenum oxide, formation 
of alanine could be detected in 2 hours exposure time. Exposure upto 6 hours 
indicated the formation ofglycine and glycyl-tyrosine in addition to alanine. 
Further exposure of 4 hours showed the presence of diglycine in the solution. 
On increasing the exposure time further glutamic acid could also be identi- 


fied in the solution. Formation of phenyl-alanine, however, could not be 
detected. 


More or less similar results were obtained if colloidal molybdenum oxide 
was substituted by colloidal vanadium pentoxide. Not much difference was 
noticeable if colloidal ferric oxide was substituted in place of colloidal molybde- 
num oxide or vanadium pentoxide. 


From these experiments it appears probable that ultraviolet light is more 
effective in the photolysis of tyrosine and photosynthesis of peptides. Photo- 
catalysts such as colloidal oxides of iron, vanadium or molybdenum only 
appear to slightly accelerate the photochemical changes. It may be mentioned 
here that though ultraviolet light produced rapid changes, the radiations 
available in sunlight or in the light of a 1000 watt bulb are also quite effec- 
tive. In the case of tyrosine and other aromatic amino acids there are quite 
rapid changes even when the source of light is the sun. In the case of tyro- 
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sine described here, in all cases, it was noticed that the solution darkens and 
acquires a brownish colour. Moreover, as the exposure time increased the 
concentration of tyrosine was found to diminish in the solution. 


Experiments were next designed to study the action of ultraviolet light 
on sterilised aqueous solutions of tyrosine with or without inorganic catalysts 
under nitrogen atmosphere between the temperature range 18-200, 


In the case of pure tyrosine solution formation of glycine, glutamic acid, 
diglycine, glycyl-tyrosine, phenyl alanine, proline, dityrosine, alanine and 
serine was noticeable. Similar solutions of tyrosine containing colloidal molyb- 
denum, vanadium or iron oxide gave more or less similar results. 


It is possible to build up a whole scheme for the production of different 
amino acids from formaldehyde and glycine as has been -suggested by Krishna 
Bahadur.!21 There is little doubt that in solutions of amino acids studied 
by us a free radical mechanism is operative as has been suggested by us.10% 
Whatever may be. the mechanism it is clear that one amino acid can give 
rise to other amino acids by the agency of light. There is little doubt that 
¡the nitrogen of the atmosphere plays a very significant role in this process. 
Further, alongwith the production ofother amino acids from one amino acid 
the formation of peptides is also noticeable. Thus no extraordinary conditions 
are required either for the production of amino acids or for the production 
-of peptides. Moreover, these experiments also suggest that how from one 
amino acid severalother amino acids might have been obtained paving a 
way for a complex combination of amino acids as a natural sequence in the 
chemical evolution. 


ORIGIN OF FORE-PROTEINS OR PROTEINOIDS IN THE PREBIOLOGICAL ERA 


/ It has been suggested by S. W. Fox!?? that proteinoids were first 


obtained from amino acids by a thermal process. Fox and coworkers have 
showni??ize1:5120127128 that if you heat anhydrous mixtures of amino 
‘acids upto 160-170? quite large protein type of molecules are produced hav- 
ing molecular weight, in certain cases, upto 20,000. The reaction has also 
been found to proceed in presence of strong phosphoric acid. It is on this 
basis that Fox has made the suggestion of a thermal pathway for the synthe- 
sis of proteins in the prebiological era. 


There is little doubt that reactions of this type might have occurred 
on the primitive Earth. The sides of volcanoes and other thermal regions 
could provide temperatures of the order of 160-170°. It is, however, 
difficult to imagine how such a process could produce alarge amount of 
fore-proteins as nature could not possibly arrange for laboratory controlled 
temperature conditions. Further, such a type of synthesis of proteinoids, 
however, is unable to account for the origin of enzymes—tbe proteins with 
catalytic activity. It is well known that cellular proteins are of two types 
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viz., structural or enzymatic. In all probability structural proteins possess 
no catalytic activity. It is unquestionable that in any consideration of the 
origin of life the most important type of protein is the enzymatic protein 
as life as known to us on this Earth is unthinkable if we exclude the exis- 
tence of enzymes. If proteinsarose by the thermal polymerisation how 
are we going to account for the fact that almost all enzymes that have 
been studied so far are irreversibly inactivated by heat. These facts natu-- 
rally raise considerable doubt about the role of thermal polymerisation 
of amino acids in the origin of proteins. The value of thermal pathway 
can only be considered if it can be shown decisively or even in a general 
manner whether this thermal protein was incorporated into the first terres- 
trial organism. At present it does not seem possible to solve this problem. 
The role of thermal polymerisation of amino acids must therefore be çon- 
sidered to be of insignificant important in the problem relating to the origin 
of life. 


S. Akabori in 1955 proposed a hypothesis concerning the origin of 
fore-proteins.12% He speculated that the first step is the formation of amino 
acetonitrile from formaldehyde, ammonia and hydrogen cyanide. 'The 
second step is the polymerisation of aminoacetonitrile ona solid surface, 
probably in the state adsorbed on clay, followed by hydrolysis of the 
polymer to polyglycine and ammonia; and, the third step is the introduc- 
tion of the side chains into Solve veins by reaction with aldehydes or un- 
saturated hydrocarbons. 


It has been shown that aminoacetonitrile can polymerise at quite 
low temperatures to give the polypeptide polyglycine.! There is also 
other evidence to partially support the hypothesis.!3! It is clear that quite 
complex polypeptides and proteins could be formed in this manner. 


Itis probable that amino acetonitrile was formed when lightening 
(electric discharge) played upon the gases which were present in the primi- 
tive atmosphere of the Earth. From aminoacetonitrile, as has been demons- 
trated by Akabori, one can get very complex protein type of compounds 
under probable primitive Earth conditions. 


In the previous section 1 have described the results of experiments deal. 
ing with exposure of amino acids (singly or in combination with other amino 
acids, with or without energy material, with or without inorganic colloidal 
catalysts) to sunlight, to light from a thousand watt bulb or to ultraviolet 
light. In all these experiments it was observed by us that in many cases 
a turbidity appeared in solutions and finally there was a deposite visible to the 
naked eye. Our first suspicion was that somehow some kind of infection has 
got into the cotton’ plugged flasks. The experiments were repeated again and 
again taking all possible care to aviod -contamination. In certain cases the 
deposits, however, continued to appear. It then occurred to us that this deposit 


— 
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might be a high, molectilar weight peptide containing several amino acids. | 

The solutions were allowed to:stand. In the case of tyrosine it was found that . 
the browned solütion gave gradually ‘a brownish deposit. Hydrolysis of this 
deposit revealed the presence of several amino acids. Deposits in: other flasks 
containing other amino acids were found to give qualitatively similar. results. 


All this suggests that the formation of fore-proteins or - -proteinoids i is a natural 
. - process. Amino acids in aqueous medium can give rise to complex peptides ` 


and even fore-proteins or proteinoids in presence of minerals with the help of 


sunlight. It is obvious that réactions in aqueous medium of the type sugges- | 
- ted by S. Akabori or by us are of far greater importance than the. thermal “es 
pathways advocated by Fox and co-workers.’ . Here only natural conditions. >`. 


are used and the chances are that proteins with catalytic. activity can be pro- 
duged in this manner. Dr. M. H. Briggs informs me ina private communi- 
cation that he used this technique on a mixture of 18 amino acids and was 


-able to detect a weak estrase activity in the deposit. However, the presence 


of weak estrase activity i$ not sufficient evidence for the natural . combination 
of these amino acids. -The result is, however, encouraging and I have no 
doubt in my mind that this is the right path for de to prepare protein- 
oids with possible enzymic activity. 


On DEFINITION OF LIFE » 
. It is véry difficult to define the term life. N. W. Pirie has arguedim- that | 


‘even with the existing organisms a rigid division between living and the non- 


living is‘not possible. He has aptly pointed out that we must recognise that 
life is not a definable quality but a statemeat of our attitude. of mind towards ' 
‘a System. 193 Keeping all this in mind we might say that the simplest defini- 
tion of life or a living unit or system would be that it must show the qualities 
of growth, division or multiplication, and, metabolic activity. If all these . 
. characteristics are present in one system, the system may be -called living as 
it would acquire what Oparin has termed PER of a b iological „order. 
This needs some explanation. in 


Take the property st growth. A Tm particle grows and retains- its 


shape. A gel particle increases in size. In the case of ‘growth of a crystal :.' 


from mother liquor there is. increase in- the material of the crystal but in the 
case of a gel particle the growth is merely due to hydration. The growth - 


'of a crystalis more like the growth in a living system but the. growth of a 


gel particle does not even remotely resemble the similar phenomenon in- the 
living systems. ` 


A . 


As example of division may be mentioned the breaking up:of a rain drop 
-or a globule of mercury into fine particles. This kind of division is different . 
from the division in a living unit. In the former the initial mass is fixed and 
is only getting divided. into smaller. units by mechanical means whereas in the 
latter the division results in the creation of similar smaller unit as a’ v result of 
- growth and budding.: 


- 
, 
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The metabolic activity of a living cell can easily be compared to any 
 chémicalchange taking place in a unit. The essentials of metabolic activity 
are: (i) selective assimilation of material from the environment, and (ii) a 
.' system of selective chemical changes by which the unit can grow. 


"The processes of growth, division and metabolic activity can.be observed 
to be taking place separately in a lifeless system. A system can be said to be 
living only when all these take place in the same unit and that too in a' sys- 
tematic, harmonious and synchronised manner. 


Attempts have been made to prepare and study such type of particles 
which can show the phenomenon of growth; division and selective assimila- 
tion. The nearest approach to this has been possible in the case of colloidal 
particles called coacervates.1%'185136137:138 Tt hag been found that if solu- 
tions of biochemical polymers are maintained at suitable levels it aggregates 
form called coacervates. They form spontaneously in mixtures of protein 
solutions with one or more other colloids and they appear to possess limiting 
membranes. They are of the size of small organisms and in hypertonic 
solutions they increase in size and eventually divide. It has also been found 
that the absorption of the material into coacervates is highly selective. "Thus 
they do exhibit properties closely resembling those of a living system and it 
has’ been suggested that the first organised cells originated in this manner.!?? 
Academician Oparin also holds similar views. 


I may here point out that the properties of some of the known coacerva- 
tesfdo very much resemble those which are found in the living cell but there is 
a difference. In a living cell the phenomenon of growth, .division and 
metabolic activity is found to bein the form of a systematic, harmonious and 
synchronised behaviour. This harmony and system is lacking in the known 
coacervates-—even in thos3 in which enzymes have been introduced RORIS 


Now we can define our attitude towards | a system which we would call 
living. 


A system can be said to be living if it exhibits properties of growth, division and 
metabolic activity in a systematic, harmonious and synchronised manner as ts dd in the 
living cell. 


I am sure that most of the workers in the field dealing with the problem 
of the origin of life would subscribe to the above attitude towards a system 
which may be called living. | | 


CELL AND ITS ORIGIN 


The cell of the present age is a very complicated affair. It has 
nucleic acid for the transfer of heredity code and control on. the .formation of 
different protein molecules. It has adenosine phosphates for the liberation of 
energy for its metabolic and physiological activities, It has a number of enzymes 


- > : l . 
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ie 
. which coordinate their activities in a systematically contr sled and harmonious 


manner. Then there is the role of minerals. It has been observed? MP . 
JATLS140HU H6 that mineral nutrients act as essential negative catalysts for ` 
the growth of the cell, and, the conditions for the optimum growth of the cell 
is a synonym for the condition for the maximum hydration of the protoplasmic 
material.147*148>149>150161152 Thus we find that for formation of the present day 
cell a number of complicated organic substances are required as well as some 
minerals, There is a mineral abundance on the Earth and it had been 80 
even in the prebiological era, The question of minerals in connection ‘with 
the origin of the cell does not seem to present many difficulties. The produc- 
tion of the complicated organic compounds, however, present very challenging 
problems. A lot of work in different laboratories of the world is going on to 
study the prebiological formation of these constituents of.the present day 
cell. Quite a measure of success has been achieved in certain cases. 


For the “origin of the cell there are two alternatives before us:— 


A. Nature first synthesised all the ingredients of the cell separately. It 
then brought them together in several stages. Finally when a suitable 
combination was evolved the first living cell was born. 


B. Nature might have followed some other way. -It might have practi- 
sed on primitive much simpler cell like systems and finally evolved something 
which was itself able ta synthesise the essential ingredients of the cell and 
ultimately became the cell itself. : 

First I would consider the hypothesis given under A. It is very difficult 
to imagine that first all the complicated ingredients of the living cell were 
.synthesised by Nature separately. Further, merely on a consideration of 
probability, it seems that their coming together suddenly to form one unit, 
the first cell, is almost improbable. A mere jumbling up of the ingredients 
of the present day cell does not give rise to a cell. The ingredients must. be 
arranged systematically and in a most specific pattern otherwise there would 
be no harmony. ‘To my mind this kind of arrangement is improbable. We 
are therefore left with the alternate hypothesis B. This hypothesis has hitherto 
been very little explored. Krishna Bahadur and S. Ranganayaki have 


proposed a probable and cogent inen in caper of this idea of the origin . 
of the first animal cell.183 | 


In the.opinion of Krishna Bahadur and S. Ranganayaki matter has two . 
more properties other than those which are well known and these helped in the 
process of emergence of life from non-life. These two properties are : 


(i) Under suitable conditions matter duplicates itself. 


(ii) A system y matter - tries lo adjust to the milder ee in the 
environment. l 
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““Thus when there is a possibility of formation of innumerable molecules 
of different types and of the same thermodynamic level and needing same 
energy of activation, that molécule will be ayethesited in larger number 
nns is already in existence in the system." 


According to them this jus is applicable to the formation of atoms, 
molecules or any bigger aggregates of molecules. Further, 


. “If a mild change is introduced in a system of matter, the system will 
so adjust itself that the effect of this change is counteracted, giving rise to a 
slightly modified system of the matter. The degree to which the system can 
adjust depends upon the particular system of matter in consideration and 
the amount of energy at the disposal of the system." 


This type of adaptability has been observed in certain enzymic systems 
studied by Krishna Bahadur and co-workers. Gruwitsch!^* noticed the 
formation of tyrosine in a solution of glycine in: presence. of a trace of 


tyrosine. 


Pette!55 has suggested the possibility of replication of protein molecules 
by a computer like mechanism. Bahadur and Ranganayaki believe that 
there is a way of making such a computer like mechanism inside a tiny globule 
of protein or protein like material and then the “Computer” would operate. Since 
Krishna Bahadur and coworkers at the University of Allahabad, and myself 
and H. D. Pathak have succeeded in preparing units capable of growth, 
multiplication and metabolic activity in an organised manner, it would be 
worthwhile to describe the theoretical ideas of Bahadur and Ranganayaki on 
which this achievement is possibly based. These ideas would briefly be 
consideréd under the heads (a) source -of energy, (b) working mechanism of 
globule computer, (c) globular wall, and (d) formation of units capable of 
growth, division and metabolic activity. 4 


(a) Source » energy: In the present day cell the metabolic activity is 
mostly controlled by adenosine phosphates «which act as agents for energy 
transfer, ‘It is quite possible that the primitive cell might have had some 
other source for energy transfer. Cells cán be successfully grown in a medium 
where the only source of energy is the chemical reaction taking place in the 
medium.150157 Solar energy in the form of light can also be utilised by 
the organism if some such chemical was present in the medium which stored 
the solar energy during, exposure and in the dark liberated- it slowly. The 
role of molybdenum in microbial fixation of nitrogen is well known. Molyb- 
denum is also known to act as a catalyst in photochemical fixation of nitrogen. 
158189190181 Tt can well serve the purpose of adenosine phosphates in a 
primitive type.of cell. 


(b) Working mechanism of globule computer : “Suppose a globule is formed 
and it has such proteinous material that it does not solidify but retains its 
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viscous and plastic texture, and the globule has some source of energy to 
provide a rotatory motion to its contents, the flow of which starts from the 
centre, goes to the circumference and returns again to the centre. Let us 
suppose this globule has a permeable wall. The materials present in the 
surrounding medium will enter into the globule passing through its permeable 
wall. If this wall has selective permeability it will allow the passage. of 
some molecules and block the entry of a few. others. . 


“These molecules which enter the globule will come in contact out a 
layer of proteinous molecules which is being continuously changed because 
of the rotation of the inside material of the globule. Single molecular layer 
of peptide like compounds will come in contact with the incoming molecule 
and one after another and linkage by linkage of peptides between different 
amino acids, will pass through this contact. Thus all the molecules’ of the 
globule will in due course come in contact with this freshly entered molecule. 
Ifany of these globule substances has any catalytic activity with the incoming - 
material, it will combine with it and will be dragged along with the globular 
material towards the centre of the globule. The incoming molecule thus 
caught will be reacted to whatever degree possible and will simultaneously 
continue its journey along with the reacting molecule or it may make the 
reacting species so heavy that they are left in the centre till the reaction is 
complete, and the reacting unit is free to continue its journey and new 
products of the incoming molecule are formed. 


“The products of the first reaction will come in coatact with the. other 
peptides which will be coming and leaving the centre and a series of reactions, 
whichever is possible, will continue till the products are’ either consumed 
up in building the material of the globule or there will be a stage when no 


further degradation of the residual product is possible and it will be discarded ` 


out of the globule. 


“For the degradation products formed by the first reaction of the 
incoming material with the proteinous material of the globule, it is necessary 
that they remain in position where they cau be further reacted by other 
molecular species ofthe globule. Thus it is necessary that these degrada- 
tion products of the incoming molecule should not go in solution and thus 
will be dispersed throughout the. globule and decrease in concentration, 
but should remain engulfed in the viscous material of the globule. Further 
degradation and synthesis will,- follow. The proteinous matter of the 
‘globule will be continuously visiting these newly formed products during 
the course of the movement of the globular matter and different proteinous 
structures will be getting exposed to them and a series of reactions, if possible 
thermodynamically, and with the energy of activation achievable, will con- 
tinue. Thus the peptides of the globule even with their infinitely small 
enzymic or catalytic activity will be effective enough and there will come à 
stage when the material entering the globule will be ready to get converted 
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to some protein structure. At this stage there may be a theoretical 'possi- 
bility of forming a number of protein molecules with the material under. 
consideration and with the energy available in the system but under these 
circumstances choice will go to the protein structures already present in the 
globule and more of these molecules will be formed as compared to other 
random protein structures. Thus the globule will grow in size. 


“If the wall of the globule is flexible the newly formed ' material will 
remain inside the globule and it will become bigger in size. However soon 
will come a stage when the globule wall will not be able to hold any more 
of the material. At this stage the weak point of the wall will bulge out- 
as a bud. Then the tension within the globule will decrease and it will 
again acquire a spherical active shape, best suited for the whirling motion 
described within the globule. Here the adaptability to the environment, 
described earlier as inherent property of matter has come in force. The 
huge size of the globule was unfavourable for the ‘globule so it adjusted 
itself by giving out a bud, thus acquiring a state of lesser tension." 


The process described above would be repeatable in the bud. After 
sometime various stages of budding and clusters of globules with ‘mother’, 
‘daughter’ and other globules derived from the original globule all attached 
together should be seen. 


af N 
(c) Globular wall : The globule described in (b) is surrounded by 
chemicals. In course of time these chemicals will modify it making its 
permeability more .and more selective. It may be mentioned here that 
Mueller and coworkers!62 have prepared stable, bimolecular lipid and 
proteolipid membranes capable of s:lfsealing and these membranes get 
modified by a variety of water soluble macromolecules which are sponta- 
neously absorbed from the environmental` solution: The wall may have 
such absorption property for water soluble macromolecules and at the same- 
time it may also. be permeable to a number of chemicals present in the 
solution. It is possible that this globule wall may become multilayered due 
to the precipitation of globular peptides liké Liesegang rings 15293 by the 
incoming chemicals of the medium, giving a still more complicated wall with 

more specific properties. 


(d) Formation of units capable of growth, division and metabolic activity :. 
According to Bahadur and Ranganayaki the formation of the nucleus 
in the globule would be a natural process. 


“A few of the products of the incoming material will be retained in the 
globule preferably in the centre, where the currents of all the sides will converge 
and start. Ifthe products are usefulin the process of duplication or help 
in some way in adjusting the globule to the mild unfavourable conditions, 
these may remain in the central portion for sometime. Thus the centre will 
become. a little more dense than the rest of the material of the globule and 
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the fluid motion of the globule, which was first starting from the centre 
going to the circumference and converging again to ne centre, will now 
start a little distance away from the central dense mass.” 


It is in this manner that the’ first dense central portion of the globule 
is formed. In due course of time it would evolve into a nucleus. By this 
time the globule would, no longer remain an inactive globule but would 
become a unicellular unit capable of growth, division and metabolic 
activity in a systematic and harmonious manner. At this stage according to 
our definition we would be justified in calling it a living unit. These 
have been termed Jeevanu which in Sanskrit means ‘particles of life”. 


“Thus in short, the matter of producing units capable of growth, 
division and metabolic activity is a question óf putting the matter in-such 
a way thatit can manifest its properties and is like a surgical operation where 
the things are set right. by necessary alterations and adjustment and the body 
does the rest. Once a globule of peptide is prepared with membrane, a 
source of energy is provided and necessary mineral and other nutrients are 
putin the medium and the system is allowed to stand free from bacterial 
infection, the inherent properties of matter come in force and the activity 
which we call life comes into operation.” 


"2 
EXPERIMENTAL nGBUGSON: oF UNrrs CAPABLE OF GROWTH, MULTIPLICATION . 
AND METABOLIG ACTIVITY 


The experimental work described in this section is the joint work of 
Krishna Bahadur, H. C. Verma, R. B. Srivastava, K. M. L. Agarwal, 
R. S. Pandey, Indra Saxena, A. N. Malviya and ‘Vinod Kumar of the 
Chemistry Department: of the University of Allahabad, and, the author and 
H. D. Pathak of the Department of Chemistry, Th. D. S. B. Government 
College, Naini T 


. These units can be prepared in several ways. Some of the important 
ways are described below: ' 


l. . The following mixture was pe in eight 250 ml pyrex conical flask. 


Paraformaldehyde 02 g 
Molybdic acid 0'0l g 
Ferric chloride 0.01 g 
Water 100ml | 


Flasks containing these mixtures were cotton plugged and sterilised at 
15 lbs pressure for 30 minutes. The mouth of these flasks were covered by 
. polythene sheets and four of these flasks were covered with four folds of thick 
black cloth and four of the flasks were kept as such for exposure. All these 
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flasks were kept in sunlight for about 8 hours of exposure each day. The 
temperature between this period of exposure remained between 15 to 25°. 


After an exposure of 500 hours the mixture started becoming turbid. 
It was examined under microscope and globules of size 0:25 to 0:5 y appeared 
in the mixture. Some of these had some mobility and appeared to havea 
dark central portion and an outer membrane. Similar mixtures kept in 
dark did not.show the formation of such globules. | 


These globules were kept under observation during the exposure which 
was continued for 1000 hours. During this period it-was noticed that the 
globules became bigger in size (1to1:5 u) and showed various stages of budding. 
After thesaid period of exposure the active units were separated by centrifuge 
and “dried in a vacuum dessiccator over anhydrous calcium chloride. 
The weight of the dried material obtained in the -four flasks were 0.0326 g, 
0:0325 g, 0.0330 g and 0.0328 g. The environmental medium was also dried. 
The dried material of the globule and the environmental media were analysed 

for their free amino acid contents. The globular matter did not show the 
presence of any free amino acid but the environmental material showed the 
presence of glycine and alanine. These dried materials were hydrolysed 
with 1 ml of 6N hydrochloric acid and 5 ml of distilled water in sealed tube by 
heating in water bath for 20 hours. The hydrolysed product thus obtained 
was filtered and dried in vacuum dessiccator containing fused sodium hydroxide 
and anhydrous calcium chloride. 'The dried material thus obtained was treated 
with 2 ml of water and again -dried. in the dessiccator. Chromatographic 
analysis showed that dried material of the globular matter contained glycine, 
alanine, arginine, histidine, lysine, aspartic acid and glutamic acid together 
with a few more faint spots which could not be positively identified. The 
hydrolysed product of the environmental medium did not show-any spot other 
than glycine and alanine. | 


2. The following mixture was prepared and i iid lo "sunlight after sterilisation at 
15 lbs. pressure for 30 minutes. 


Citric acid 1.60 g 
Ferric oxide sol. . 40ml 
Molybdenum oxide sol' 40 ml 
Distilled water 140 ml 


As in previous case a similar mixture Was covered with cloth and kept 
near the exposed mixtures. 


A turbidity was observed in the mixture exposed to light after 20 
. hours’ exposure time. This turbidity, however, disappeared giving a clear 
Solution. No such change was observed in the mixture kept in dark. It 
remained clear and yellow in colour as was in the beginning. The mixture 
exposed to light was observed to develop a pink colour after an exposure 
of 300 hours and started becoming turbid on further exposure. After an 
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exposure of 450 hours suspended particles were observed ‘which settled at 
the bottom of the flask as a yellow mass leaving a clear yellow coloured 
solution. The number of these particles increased for a few days. The 
mixture was examined at this stage under oil immersion microscope at 1000 
magnification. | 


0.02 ml ‘of the well shaken sample of this mixture exposed to light 

was taken out from the flask with a sterilised micropipette under: aseptic 

conditions and a slide of it was mounted and studied under the microscope. 

Many needle shaped crystals varying in- size were observed in all of the 

microscopic views. A few clusters of these crystals were also observed. How- 
‘ever, a few round objects were also observed which had a glowing centre 
-with a dark circular outline when viewed with 20X eyepiece (ca.2,000 magni- 
fication). These circular objects differed in size. To the periphery of a 
few such objects smallar circular objects were also observed tobe attached 
‘and these appeared like budding of yeast cells. These circular objects were 
counted and their number recorded. Average count was 1:80, | 


After 5 days another 0:02 mlof the well shaken mixture was mounted 
and viewed under the microscope. .It was found that the number of round 
Objects as well asthe needle shaped crystals have increased. Many such 
round objects could'be seen attached to the needle shaped crystals. The 
average count of these objects was now 8:66. | 


After another five days it was observed that the number. of circular 
objects has increased. much and ` could not.be counted as such, 1 ml of the 
‘thoroughly shaken mixture was taken out aseptically and was diluted to 10 ml 
in sterilised distilled water. 0.02 ml of this mixture was mounted and viewed 
under the microscope. Average count in terms of previous reading was 80:6. 
It was observed that two to three round objects were clinging to each other 
in clusters. 


After a lapse of a month again these round objects were observed in 
the microscope and their number was counted after diluting to 10 times. 
Average count in terms of previous readings was 117. 


3. Formation of active units in aqueous solutions of amino acids on long exposures to. 
light: 


Experiments can be carried out with many amino acids but details of 
experiment with tyrosine are given here as some of the changes described can 
be followed even visually. Chromatographically pyre amino acids were used 
and double distilled water was employed in all expériments. 


(1) L-Tyrosine 0.28 g 
Colloidal molybdenum oxide 40 ml .. 
Distilled water — | |. ' $00 mal. 


& 
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(ii) L-Tyrosine . 0288 

Colloidal vanadium oxide — ^ - 40 ml 

Distilled water | i 500 ml i 
(iii) L-Tyrosine 0.28 g 

Colloidal ferric oxide 40 ml 

Distilled water Pos 500 ml 


y. 


All of these solutions were taken in quartz and pyrex flasks and steri- 
lised for 30 minutes at 20 lbs pressure in an autoclave. Exposure to sunlight 
was carried out day after day for at least 600 hours (in certain cases upto 
1000 hours or more). In the case of exposure to ultraviolet light the solution 
in quartz flasks were exposed to light from a 300 watt high pressure mercury 
quartz lamp for 15 hours. Though changes in all these solutions were 
observed when exposed to sunlight or ultraviolet light but no such changes 
were observable in the dark. 


During the period of exposure, as has been inentioned len these 
solutions tura brown. Chromatographic analysis at different periods of 
exposure revealed the formation of other amino acids and peptides. 
The solutions were allowed to stand under aseptic conditions for some 
months. A brown sediment, was found to be depositing in these solutions. 
This was separated by centrifuge, as described earlier, and subjected to 
hydrolysis in the usual manner. Chromatographic analysis of hydrolysate 
showed the presence of several amino acids. Microscopic examination revealed 
the presence globules varying in size from 0.34 to lu. It may be mentioned 
here that several type of objects are visible in the field of vision of the 
microscope. There are mineral grains, brown  proteinous material, some 
crystals and coloured active globules. The active globules had well defined 
walls; and the motion of the black spec inside was very much like the 
motion in a live cell. These particles grew in size and divided. They also 
formed conglomerate3 and frequently presented a picture resembling the typical 
behaviour of yeast cells. The colour of the active globules is different in the 
case of different metallic oxides: These active globules can be easily distinguish- 
ed by their peculiar behaviour from the. well known 'coacervates which are 
also present along with them. | 


4. A case of quick preparation of action globules : 
Several mixtures ofthe following composition were prepared. 


Citric acid m 0.04 g in 10 ml water 
Molybdic acid | 0.01 g in 10 ml water 
Colloidal ferric chloride ` 10 ml | 
Mineral nutrient l | 10 mi 

pH phosphate buffer j 10 ml 


- These flasks were cotton plugged and the’ mixtures were sterilised in an 
autoclave at 15 lbs pressure for 30, minutes. The flasks were sealed with 
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polythene sheet and transparent cellotape. Four of these mixtures were 
exposed to sunlight as such and another four were covered with black cotton 
. cloth and kept near the exposed mixtures. 


No turbidity was observed in mixtures exposed to sunlight before 8 
hours of exposure. When this mixture exposed to light for 8 hours was kept 
in dark, a whitish turbidity appeared in it. Similar mixtures kept in dark 
from the beginning did not indicate:such change. 


The turbidity was examined under oil immersion’ microscope. Small 
globules single and in groups of two and four were observed. The turbidity 
became denser and denser on exposure to sunlight and the clusters grew; 
bigger in size. Huge colonies of 50 or more units were observed in a few 
days. ; 


Note: Preparation of colloidal oxides and mineral nutrients mentioned 
in the above experiments. 


Ferric oxide sql used was prepared by the method described by Debray!** 
and Krecke.1%% The concentration of ferric oxide in sol was 0:8 g/litre. 


.. : Molybdenum oxide colloid was prepared by the method of Graham!** 
from potassium molybdate. Colloidal vanadium oxide was prepared by 
stirring ammonium vanadate (5 g) with dilute hydrochloric acid in a 200 ml 
pyrex beaker. It was filtered, washed and electrodialysed in parchment 
bag using distilled water. e x 8 ER 

The buffer mentioned is ordinary sodium hydroxide-potassium Pu 
phate buffer giving pH 6. 


The mineral solution used was prepared in the following manner:— 


Potassium sulphate 0.02 g 
.Sodium chloride 0.02. g 
Calcium acetate . 0.02: g 
Magnesium sulphate . 0.02 g 
Zinc sulphate . > | 0.002 g 


The above was dissolved completely in 100 ml distilled water. Then 0.02 g : 
of potassium dihydrogen phosphate solution was added to it and the mixture 
was shaken till the whole thing went. into solution. This solution becomes 
turbid on boiling but is again clear on cooling. 


A possible correlation of organised structures found in carbonaceous chondrites and those 
obtained by the conglomeration of active units of the type described in this paper. 


In the section dealing with “The Hypothesis of Extraterrestrial Origin 
of life’ a mention was made of the microstructures observed in carbonaceous 
chondrites. Numerous such structures have been found and a catalogue of 71 
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such structures has been recently published ‘(March 15, 1963) as Technical 
Report No. 32-398 of the Jet Propulsion Laboratory, California Institute of 
Technology, Pasadena, California, U.S.A. This report has been prepared 
by G.Mamikunian and M. H. Briggs. In this section I want to consider the 
possible origin of the organised elements in some detail. 


Claus and Nagy®® have made the. suggestion that the organised ele- 
ments may be microfossils indigenous to the meteorites. Fitch and Anders 
63168 are tacitly suggesting that these organised elements are a variety of 
different structures, including silicate mineral grains, opaque mineral’ parti- 
cles, hydrocarbon globules, starch grains, spores and other terrestrial con- 
taminants: Foxi$? has suggested that they are organic polymers and sulphur 
in a super-cooled state-sulful droplets. Deflander!"? suggests that these are 
due to unspecified contaminants and artifacts. According to Briggs!9? they 
are various mineral grains and aggregates of organic matter, not necessarily 
of biological origin. Claus et al have recently pointed out!?! that their 
petrographic studies indicate that the parent body of the carbonaceous 
chondrites was capable of supporting life. Mueller! has presented evidence 
indicating that Type V element is a rare limonite ` psuedomorph- of troilite. 
Thus it is clear that on the basis of the present available evidence it is not 
possible to arrive at any definite conclusion regarding the nature of these 
organised elements. However, some very recent experiments conducted in 
my laboratory appear to throw a fresh light on the origin of -these organised 
elements. “These experiments are briefly described below: 


I have already described in the previous section that tyrosine solution 
containing colloidal oxides on exposure to light gives rise to several amino 
acids and peptides, and, ultimately to active type of globules or units 
capable of growth, multiplication and metabolic activity. Further experiments 
were carried out with these solutions by adding to them the following :— 


A. To the original solution containing tyrosine and colloidal molybdenum 
oxide (I would refer to it as tyrosine solution) the following were added: 


(i) Tyrosine solution ^ 10 ml 
39%, ammonium molybdate solution 0.4 ml 

39/5 ascorbic acid solution (water) 0.4 ml . 
Mineral nutrient (as before) l ml 


(ii) Composition same as in (i) except dar: in place 39, ammonium 
molybdate aqueous solution, a | 4% ammonium vandate solution was 
used, 


(iii) Composition same as in (i) but this time the ammonium molyb- 
date solution was replaced by 5% aquequs solution of ferrous 
ammonium sulphate. ‘ 
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~. B. To the solution containing tyrosine and colloidal vanadium oxide 
‘(referred to as tyrosine solution below) the following were added: 


.(i Same as given under A (i) 
(ii) 2 *3 33 A (1) yi 
(iii) ” 33 » >> A (1) 


Thus this set of experiments differed from those given under A in chang- 
ing the tyrosine solution containing molybdenum oxide with that containing 
initially colloidal vanadium oxide. 


C. -A similar set of experiments were designed as given in A (i), 
A(ii) and -A(iii). The only difference was that in these experiments the 
starting solution was the old solution of tyrosine containing colloidal ferric oxide . 
instead of molybdenum oxide. 


Note : The mineral nutrient was of the same composition as given in 
the previous section. 


All the solutions or mixtures described in A, B or C were prepared under 
aseptic conditions and all precautions were taken to avoid any kind of outside 
contamination. These solutions were exposed to sunlight and artificial light 
-in cotton plugged flasks. After very short exposures of a few hours very 
interesting changes were observable under the microscope. An exposure to 8 
hours of sunlight (2 days) or an ‘exposure of about 30 hours to a 1000 
watt bulb is sufficient in most cases to bring about interesting changes. ` 


- Tn the old original tyrosine solution containing molybdenum oxide several 
types of structures can be seen. Some of the units show whirling motion. 
Single and small aggregates having bluish colour are observable. Some 
of the structures showed tendency to divide by budding. Generally single 
units were more prevalent than clusters. Some of the units and forms are 
given in Fig. 4-8. , The magnification in:Figs. 5 and 6 is about Md that 
in Figs. 4 and 7 about 1100 and in Fig. 8 about 1300. 


. When solution A (i) was used various types of structures could be 
observed under the microscope. Some important type of structures were: 
single active globular units (Fig. 9), big globules with bright bluish coloured. 
grains (Figs. 11,13,14), aggregates of smaller units (Fig. 10), bigger aggre- 
gates of various shapes (Figs. 12,15,16,17,18). Besides those in the Figs. 
mentioned above there were also several other types. 


In case of A (ii) there were smaller units and bigger clusters visible 
. under the microscope. As compared to A (i) type the round globular 
clusters were much fewer. There was a tendency for the formation of long 


flamentous microstructures as shown in Figs. 19 and 20 (magnification . 
. about 1000). 
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When A (iii) solution was used there were. numerous bigger globules. 
Some of theinteresting aggregates are shown in Figs. 21 and 22 (magni- 
fication about 1000). 


In old solution of tyrosine containing colloidal vanadium oxide micro- 
units of single, double or in clusters were seen. Single units were motile 
and showed a whirling motion. Fig. 23 shows sufficient details to indicate 
the structure of these units. The boundary line of these units was reddish 
and appeared to be composed of small granules. A peculiar cluster seen is 
shown in Fig. 24 (magnification about 1000). 


In case of solution B (i) globular and long aggregates were found in 
abundance. Single units appeared. to grow up to a certain extent only. 
.Fig. 26 shows a linear type of aggregate and Fig. 25 represents another 


type. 


B (ii) solution showed a collection of various kind of structures. Even 
‘bigger globular type (Fig. 27) showed a tendency similar to budding 
(Fig.28). Fig. 29 and 30 represent some peculiarly shaped aggregates. The 
linear structures were fewer in number in this solution. 


In solution B (iii) the types of aggregates found were many. Some 
representative examples are given in Figs. 31 to 35. Some of structures such 
as given in Fig. 33 were very big and extended much beyond the field of 
vision in the microscope. Approximate magnification of these figures is about 
1000. 


In the old golution of tyrosine containing colloidal ferric oxide were 
found several active units. Fig. 37 shows one such unit and Fig. 38 gives 
a view from probably a different angle. Fig. 36 shows numerous units and 
small clusters. All these were photographed under oil immersion using 100X 
objective and 10X eyepiece on 35 mm. film. They were enlarged later to 
about three times the size. , 


Solution € (1) : Several ‘types of structures were found-smaller units 
(Figs. 39 and 41) and bigger clusters (Fig. 40, Fig. 42 and Fig. 43). The 
structure shown. in Fig. 43 was very long and very complicated. "There were 
several long ribbon like structures formed out of aggregates of single or com- 
plex units.. 


Solution C(ii) : This mixture showed various ‘insect like! microstruc- 
tures. These are shown in Fig. 44-46. In this solution it appeared that 
the structures were more organised. "There was, however, no definite general 
pattern traceable. 


Solution C(iii) : Very thick structures were seen. Some representative 
examples are given in Figs. 47-49. | 
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In allthe cases mentioned above not only the structures referred to 
were seen but there were also crystals, brown matter and other material. 'The 
Structures shown in various figures (4 to 49) were composed of tiny coloured 

glóbules. The colours were different in different cases. Some were bluish, 
some greenish and others brownish. Along with. EU aggregates 
single units were also observable. 


Next a complicated mixture of amino acids was used. 1n 500 ml of 
double distilled water were put glycine (0.036 g), cystine (0.12 g), alanine 
(0.126 g), valine (0.118 g), methionine (0.016 g), leucine (0.246 g), iso- 
leucine (0.052 g), tyrosine (0.102 g), phenylalanine (0.132 g), tryptophane | 
(0.0117 g), lysine.HCl1.(0.256 g), histidine (0.08 g), arginine (0.118 g), 
ornithine (0.02 g), proline (0.096 g), glutamic acid (0.5 g), aspartic acid 
(0.3 g), threonine (0.05 g) and serine (0.084 g). The mixture was steri- 
lised and exposed to light. After an exposure of 30 hours to sunlight in quartz 
vessels the solution acquired a: brown tinge and eventually, on further ex- 
posure, there was a brown deposit. If the mixture of amino acids contained 
sucrose also as ‘energy material then again a one brown deposit was ob- 
tained. i 


10 ml of this solution was taken (with or without sucrose in the original 
solution} and to this was added mineral nutrient solution (1 ml), ascorbic acid 
(3%, 2 ml) and ammonium molybdate (3% aqueous solution, 0.4 ml) and 
. double distilled water (6.6 ml). All this mixing was done under sterilised 

conditions and the solutions were finally exposed to light in pyrex vessels. 


After an exposure of a few hours (10-30) several active units were seen 
in the solution when it was examined under a microscope using oil immer- 
sion and 10X eyepiece. As exposure time is increased they multiply rapidly 
and very complicated aggregates are formed. When sugar has not been 
added initially the type of structures found are shown in Figs. 50-55, and, 
when the solution contained sugar also the type- of structures found are 
Shown in Figs. 56-61. The structure shown in Fig. 51 was a big globule | 
with a shining inside. In Fig. 56 is shown part of a complicated globular 
structure. The structure was bigger than the field of the microscope objec- 
tive (100X). All these structures are shown at apent 1000 magnification in 
Figs. 50-61. 


Several of the aggregates described here have a remarkable resemblance 
with the organised structures found in meteorites. It has been pointed out 
earlier that several amino acids have been found in carbonaceous chondrites. 
- It appears very probable that some of the organised elements were originally 
created in the manner in which aggregates of ‘active’ units were obtained by 
us inthe laboratory. About half-a-dozen of the microphotographs of these 
' aggregates were sent to Dr. Briggs. He is of the opinion that these look 
remarkahly like the type of structures found in carbonacegus chondrites. 


i 
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If the suggestion-of Claus and Nagy about the extra-terrestrial origin of 
' these structures is valid then there is no doubt that processes of the type des- 
cribed in this paper might be taking place there. Alternately, if these struc- 
tures in carbonaceous chondrites are dué to terrestrial contamination, then 
too the method described in this paper points to a solution of the riddle. It is, 
however, yet too early to say anything very decisively in this matter. 
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Fig. |. Microphotograph of the active units prepared photochemically showing a 
small bud still attached to the parent unit. (magnification about 1000) 
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Fig. 2. Microphotograph of the active units prepared photochemically showing the 
internal structure of the units. (magnification about 1000) 
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"ig. 3. Microphotograph of the active units showin 


g two units with small buds. 
‘magnification about 1000) 
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| TABLE 3 


25 c.c. of N/10 FeSO,(NH,),SO,. 6 H¿O=25 c.c. of N/10 KMnO, 
in the H,SO, medium. 


—————————————————————————————————————————————————————)s 


Volume of Reinhardt- 

Ferrous am- , Concentrat- | Manganese Syrupy  |Zimmermann| KMnO, 

monium sul-| ed HClin | Sulphate H,PO, in reagent required 

phate in c.c. e; in c. C. Pay inc. d in. c, c. 

a —————M- 

29 l 0 0 0 251 
25 2 0 0 0 25*1 
25 3 0 0 0 25:1 
25 + 0 0 0 be al BS 
25 5 XL. 0 25°15 
25 10 0 0 0 25:30 
25 3 25 0 0 25:05 
25 5 | 25 0 0 25°05 
25 10 25 0 0 25°25 
25 3 0 3*3 0 25:00 
25 5 0 3:5 0 2305 
25 10 0 3:5 0 25:20 
25 10 ' 0 9:5 0 25:20 
25 Y 0 0 25 25:00 
25 5 0 0 25 25:05 
25 | 10 0 0 25 2520 
25 | 15 0 0 25 25:20 


DISCUSSION 


It will be seen in Table 2 how the variations in the titre values of 
potassium permanganate take place by gradually increasing tke concentra- 

|| tion of HCI (2N). The actual value for 25 c.c. of the standard ferrous 
| ammonium sulphate of the prepared strength was equivalent to 29°05 c.c. 


52 AGRA UNIVERSITY JOURNAL OF RESEARCH [Vol. XII 


of KMnQ,. It will be interesting to note that the results of titrations varied 
only upto 0:2 % in a solution of within the range of pH 1:0 - 0:75. And 
when HCl was further added the percentage error increased upto 0.6 % ; the 
pH being equal to 0°65. Inthe presence of H,SO, however the titre value 
of KMnO, remained constant (24:8 c.c.) vide Table 1 within a much 
wider range of pH 0:85 - 0'5. The reason for the variations in the point of 
equivalence in the ferrous—permanganate titrations in the presence of HCl 
may be ascribed to the variations in the Eo values when the concentration of 
HCl is higher than the optimum value, It is supported by our observations 
( J-I.C.S, 1959, 36, 399), 


On critically observing the figures given in Table 3 it will be seen 
that by adding concentrated HCl (specific gravity 1:18) in increasing amounts, 
the percentage error in ferrous-permanganate  titrations increases from 
0.4 to 1:2%. But the error is appreciably controlled upto 5 c.c. of concen- 
trated HCl (specific gravity 1:18) added to 25 c.c. of ferrous ammonium 
sulphate solution. Beyond 5 c.c. of concentrated HCl the percentage error 
increases appreciably inspite of the addition of manganous sulphate, Similar 
effect is also shown by syrupy phosphoric acid. The effect of syrupy 
phosphoric acid used as a preventive appears to be slightly greater in 
controlling the error than manganous sulphate, By adding both manganous 
sulphate, phosphoric acid and sulphuric acid (Reinhardt—Zimmermann 
reagent) the preventive effect remains practically the same as is observed by 
adding syrupy phosphoric acid alone (vide Table 3). Similar preventive 
effect of H¿PO, in ferrous-permanganate titrations was ^ observed by 
George J. Hough?, 
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STUDIES ON PLEUROPNEUMONIA-LIKE ORGANISMS 
AND OTHER FILTERABLE AGENTS ASSOCIATED 
WITH CHRONIC RESPIRATORY DISEASE OF 
POULTRY 


SURAJ BHAN SINGH 
Department of Pathology & Bacteriology, 
U. P. College of Veterinary Science & Animal Husbandry, Mathura. 


The present study was undertaken to determine the incidence of 
mycoplasma infection in poultry in various parts of the country, to characterize 
the PPLO strains on the basis of cultural and biochemical tests and 
pathogenicity trials, to evaluate various antibiotics against PPLO by invitro 
sensitivity tests, to measure the effectiveness of dipping of hatching eggs in 
antibiotic solutions for the control of egg-borne mycoplasma infection and to 
search for some known or unknown filterable agent that may be present in 
association with Pleuropneumonia-like organisms in cases of Chronic Respira- 
tory Disease. 


Taylor and Fabricants’ liquid carbohydrate medium with some modifi- 
cations for isolation and Avian PPLO Diagnostic Antigen (Connecticut) for 
serology were utilized with considerable success. 


Materials for isolation and serology included 1502 throat swabs and 1517 
serum samples from birds from seven States, viz. Madras, Mysore, Orissa, 
Bihar, Andhra Pradesh, Madhya Pradesh and Uttar Pradesh. Ninety per cent 
of the 189 serum samples from the first five States were positive for PPLO 
agglutinins. Mycoplasma infection appeared to be of country-wide prevalence. 
PPLO could be isolated from serologically positive as well as negative birds. 
The overall picture of isolation and serology was 48 and 56 per cent respecti- 
vely. This indicated a fairly good deal of correlation between the two- 
diagnostic procedures. The correlation of isolation or isolation and serology with 
lymphofollicular reaction in thelungs and/or trachea in grossly positive and 
negative cases was low.  Serological examination is considered useful to 
detect inapparent infection. 


Very low incidence of infection was noted in desi birds. Ducks were also 
negative. The poultry farm maintained at the Ingraham Institute, Ghaziabad, 
U.P. and the experimental flock raised at Pathology and Bacteriology 
Department, Veterinary College, Mathura were found to be PPLO free on 
repeated attempts. 


Out of 793 strains isolated, 191 were studied as regards their colony 
characters, rate of growth, formentation of sugars, tetrazolium reduction and 
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haemagglutination. None of the strains fermented mannitol. Two major 
classes were distinguished, one producing pathogenic type (small without 
nipple) and the other nonpathogenic type (large with central nipple) colony 
morphology. Majority of the strains were nonpathogenic and nonhaemagglu- 
tinating. Strains with almost all combinations of above - characteristics were 
encountered. It appeared that morphological, cultural, biochemical and 
serological characters taken together would be adequate to differentiate 
pathogenic from nonpathogenic PPLOS. 


Experimental trials were conducted in PPLO free chickens. The PPLO — 
strains incited a significant positive antibody response by the combined intra- 
venous air-sac route but no symptoms or lesions developed. Eye inoculations 
also failed in producing any pathological changes. “The studies indicate that 
PPLO probably lose their pathogenicity on repeated subcultures in artificial 
media. 


Invitro sensitivity trials showed that the six antibiotics tested against two 
pathogenic PPLO strains were in the following order of diminishing activity- 
tylosin, DOL, erythromycin, streptomycin, dihydrostreptomycin and penicillin, 


Seventy six PPLO strains were isolated from 330 composite samples of 
1563 eggs. The frequeacies of isolations were 12%, 15%, 26% and 38% 
of the samples of unfertile, weak or dead germs, dead in shell and pipped 
eggs respectively indicating a high incidence of egg-transmission. 


Eggs from CRD infected flock were prewarmed and dipped for half an 
hour in 1600 ppm tylosin or 2000 ppm erythromycin solution at 5°C. One 
hundred and eighty chicks from the former and 132 chicks from the latter 
treatment were obtained. Forty chicks examined at two weeks of age from 
tylosin lot were serologically negative. No isolations could be made from 428 
dipped unfertile or dead in shell embryos from both antibiotic groups. Thirty 
two necropsied chicks similarly did not yield any PPLO. The application of 
such a procedure in raising PPLO free flocks appears to be of great 
promise. 


A virus-like agent was isolated from cases of respiratory infection. This 
entity constantly produced pock-like lesions on the C. A. membrane and was 
non-haemagglutinating. The implications of the occurrence of such agents 
alongwith PPLO infection are discussed. 


The importance of carrying out further research work to determine the 
criteria of Pathogenic PPLO strains including experimental transmission, the 
association of other filterable agents and also the necessity of raising PPLO free 
flocks by antibiotic dip treatment is stressed. 


DETERMINATION OF OPTIMUM pH FOR THE ACTIVITY 
OF CAECAL PROTEASES OF ORCHESTIA GAMMARELLA 
PALLAS 


V. P. AGRAWAL : 
D. A. V. College, Muzaffarnagar. g 


INTRODUCTION 


The animal, Orchestia gammarella Pallas, is very. commonly found at 
high waters under weeds and stones, sometimes several miles'away from the 
sea. They feed on any vegetable matter, they come across. The author has 
been able to feed them even on small pieces of filter paper soaked in sea 
water. They eat very great amount of food daily; probably they eat indiscrimi- 
nately whatever comes their way, if it is only not too dry and not too hard. 


_ The alimentary canal of Orchestia consists of the foregut, the nidos and 
the hindgut. The foregut includes the mouth, oesophagus and stomach ; 
the latter is further divisible into an anterior cardiac and posterior de 
chamber. The cardiac stomach serves for the mastication of food while the 
pyloric stomach acts as the filter apparatus. From the floor of the midgut, 
at its junction with the stomach, arise ‘two lateral pouches which extend 
backwards and soon divide into two pairs of ventral hepatopancreatic caeca. 
These caeca serve both for the secretion of the digestive enzymes and for 
storing the food i in the fo: m of fat globules. 


Here in this present work, the optimum pH for the activity of the 
proteases, secreted by the caecal cells of Orchestia, has been determined. 


. MATERIAL AND METHODS - 


A large number of specimens of Orchestia were collected from Whitstable 
coast, where they occur in abundance (Newell, 1954). 


In order to prepare the extract of the ventral caeca, about 200 animals 
were dissected and the caeca were taken out, which were ground up with a 
little thymol and à drop of glycerol until a fine uniform emulsion was obtain- 
ed. This was, then, diluted to about 10 per cent with 50 per cent glycerine ; 
the rest of the tube was filled with toluene. The extract was kept at room 
fonperspue for about 48 hours before it was used for experimentation. 


DETERMINATION OF OPTIMUM rH 


. To investigate the optimum pH for the activity of proteases, the rate of 
tiquification of gelatine was observed over hourly intervals with the enzyme, 
acting in ii ranging in mH from 4'] to 9:1. 
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One ml of 10 per cent gelatine solutions were placed in different tubes - 
and 1 ml of alkali or acid of different normalities were added in order to get . 
desired pH. These substrates were, then, incubated with 1 ml of caecal 
‘extract atroom temperature. The pH in these different tubes was noted 
before and after the experiment which did not show any appreciable difference. 

" The following figures were used to describe the degree of liquification : 0- 
completely solid ; 1- solid but small pieces, may be torn off by shaking ; 2- 
solid but: ae moves somewhat when the tube is shaken ; 3- soft; 4- rd 
liquid ; 5- almost liquid ; 6- entirely liquid. 


The following table shows the degree of iquifcation at different A 
at known pH. 


4 
* 2. 








TABLE 

P ee Interval in hours with degree of Liquification 
n——————————————— net TET 
S.No.| . pH | l hr.. jae. | 3 hrs. | 4 hrs. | 6 hes: | 6 hrs. | ‘Thre. — 

1 | 41 0 0 0 -0 0 0 0 

2. | 5.0 0 E 0 1. 12 1-2 1-2 

s | 58 0 1 1-2 1-7 1-2 2-3 

4 | 6.1 0 1 1 1-4 1-2 2-3 3-4 

5. | 6.5 D. d 1 1-2 1-2 . 2-8 3-4 

6 | 71 0 1 2 3 4 5 5-6 

7 | 7.5 0 D 2 3 4 5 5-6 

8 7,7 0 qp 2 5-6 56 ‘| 6 
9 | 8.3 0 i 2-3 4 |se | 6 P 
to’ | 8.7 0 0 1 1-2 4 5 5-6 

u lg [0 0 1 1-2 9 2-3 





. The appended graph (Text Fig. 1) and the above table, shows that the 
| optimum pH for the activity : of proteases is on the alkaline side and lies 
‘between 8 and 8:5. — 


| SUMMARY AND DISCUSSION | 
- Orchestia gammarella, very commonly found at high waters, feeds on f 
matter, if it is only not too dry and not too hard. 


The ventral hepatopancreas of Orchestia, as the name signilics, acts both | 
like the liver and pancreas of the -chordates i.e. it servesto store the. food 
material and also secretes the digestive enzymes. Nicholls (1931) also observed 





May, 1963] V. P. AGRAWAL on Determination of optimum pH 57 


that the caecal cells of Ligia are secretory in nature. Patrick (1 926) studied 
the nature of the caecal cells of Ligia and found that the larger cells of the. -: 
caeca store the reserve food in the form of fat globules. Similar observations 
have been made by the author with respect to the caecal cells of Ojchestia. 


Ithas also been observed, as by Yonge (1924) in Nephrops, that the 
taeval proteases of Orchestia act optimally in the alkaline medium i. e. between 
pH 8 and 8'5. a: My 





Fig. 1 


__ Graphical representation of the activity of the caecal proteases of Orchestia .gammarella, at 
different pH, on the-liquification of gelatine. 
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BEHAVIOUR OF HYDROGEN PEROXIDE TOWARDS SOIL 
ORGANIC MATTER 


A.N. PATHAK AND V. K. Donut 
Agricultural Chemistry Section, Govt. Agricultural College, Kanpur. 


Organic matter is known to contribute to a great extent to several phy- 
sical and chemical properties of soils, which are of greatest significance in crop 
production. The decomposition of organic matter has been studied in greater 
detail covering various aspects, but comparatively little work has been done on 
the oxidation of organic matter in soils. Robinson! has suggested that 
the accurate mechanical analysis of soils is possible only after the organic 
matter present in the soils has been destroyed. Hosking? has shown the 
oxidation of soil organic matter to be a function of the H-ion concentration 
of the soils and suggested that the proportion of organic matter oxidised is 
a definite function of the clay content of the soil. Kerr?! reported a va- 
riation of 7% to 28% in the absorptive capacity of soils due to organic mat- 
ter. Bartlett et. al.8 while studying the effect of hydrogen peroxide on 
the exchange capacity of Maryland soils observed that the fine textured soils 
showed the greatest loss in exchange. capacity by oxidation. Drosdoff and 
Mills? have shown that the H,O, treatment of soils containing hydrated 
_ type of weathered mica resulted in an increase in the coarser separates and a 
consequent decrease in the finer fractions, while in the case of soils contain- 
ing weathered mica not of hydrated type, the opposite effect was observed. 
Burr and Russell observed that the removal of organic matter from soils 
resulted in the lowering of scouring point, decreasing. the plastic range and 
increasing the toughness and solidity. Russell aid Wehr!’ have suggested that 
the organic matter affects the plasticity of soils. Baver* reported that the 
oxidation of organic matter produced a marked lowering of both! the upper 
and lower plastic limits on the moisture scale. Rich.et. al.!? have obser- 
ved a reduction of 46:1% in the cation exchange capacity of soils as a result 
of H,O, treatment. Recently Savage ei. al.* found that the intermediate 
products formed by H,O, oxidation of humic acids contained Ng as part of 
their molecular structure. 


ExPERIMENTAL TEGHNIQUES 


Six soil samples with varying organic matter content were air dried and 
crushed to pass through 2 m. m. sieve. Usually 100 gms. of each soil was 
oxidised by the desired concentration of H,O,, The soil was stirred from time 
to time and the oxidation was taken to be complete when there was no froa- 
thing. After complete oxidation the soils were filtered with suction on a 
Buchner funnel and thoroughly washed with distilled water. The soils were 
then air dried and crushed to pass through a 2 m.m. sieve. The soils thus 
prepared were used for these studies. 
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In order to study the effect of cations on the oxidation of soil órganic 
matter, three of these soils, rich in organic matter were converted into Ca, H 
and Na soils by leaching them by Normal solution of their chlorides except in 
the case of H-soil. The soil saturated with H-ions was prepared by leaching 
the soil with N/20 HCl. After saturation the excess of HCl was removed by 
washing with 60% alcohol. The soils were then air dried and crushed to pass 
through 2 m.m. sieve. The following:determiuations were made:— 

(a) Organic Carbon by Walkley and Black!? method. 

(b) Total Nitrogen by Kjeldahl's method as modified by Bal. 

(c) Cation Exchange capacity by Ammonium ‘acetate method as 

- described by Piper.” 


RESULTS AND DISCUSSIONS 


TABLE la 
Effect of Hydrogen peroxide on & Nof different soils 

















Sam- Qriginal Residual l Loss 
ple a e l 
No. ; 
c% N% CIN >| C% | N% CIN C% | N% 
l, 2.434 .1440 16.9 | 0.558 .036 15.5 | 77.07 | 75 
2, |. 2.128 |  .1820 16.1 | .636 | .0436 | 14.5 | 70.08 | 66.9 
' 9. 1.468 .088 (|: 14.9 .464 ,0382 12.1 | 68.3 | 61.02 
"4. 1.116 „084 13.2 415 0352 11.7 | 62.7 | 58.2 
5. 0.550 .048 11.4 .240 .023 10.4 | 56.3 | 52.08 
. 6. 0.490 | .045. 10.9 .284 .027 9.7 | 46.3 | 40. 
TABLE ib 
Effect of different ámotnis of 7. 5% 17,0, 0nC E N of soil No. I 
Vol. of 7.595 . . as Residual : % Oxidised 
HaO; C% ` | N% | G/N c% |. N% 
50 c.c. .555 .036 | 15.4 78.01 | 75.0 
100 c.c. | .462 .034 13.6 81.0 | “76.3 
150 c.c. .385 |:  .084 10,4 84.1 76.3 
200 c.c. — .268 090 8.9 88.9 . 79.1 
250 c.c. 210 .028 a 15 91.3 | 80.5 


300 c.c. .200 026 7.4 9L. 81.9 . 
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TABLE lc " B 7 
Effect of different concentration of H,O, on soils No. 1 @ 2 








-Residual : Oxidised 


c% [ne | oom, om | N% 


Sample No. 1 








15% .268 © | .030 8.9 88.9 79:1 
7.5% 558 .036 15.5 77.07 75 
3.0% 764 046. 16.6 68.1 68.05 
` Sample No. 2 
5% —-— .410 041 10.0 80.7 69.0 
7.5% | .66 | .0436 14.5 70.08 66.9 
3.0% |] — .852 .0490 017.3 ^| 59.9 62.8 
TABLE Id l 


Effect of no. of treatments on soils no. 1 @ 2 


Residual Oxidised 
Sample No. of l 
No. treatments 





TABLE le 


Alkali Soils 


———————————————————————— 








Original - É Residual | Loss 
pH | C% | N% c% N% | C% | N% 
9.2 - 6842 .0422 _.5326 .0400 20s (52 
9,8 | ` .4886 .0392 | .4025 .0380 17.66 3.06 


- . 4 t 
The soils were acidified by N/10 HCI and then subjected to oxidation. 


5.2 .6842 .|  .0420 2024 0244 70.41 42.1 
5.6 4886 .0392 |.  .1982 .0226 60.45 44.8 





ri 
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l. Effect on Carbon & Nitrogen : | 


From the results given in table 1 (a) it is observed that as much as 
77% of organic carbon in the soils studied is lost by H,O, treatment. The 
los in N% was found to vary from 40 to 75%. 


Attempts were then made to study the effect of varying amounts of 
7:595 HO, on the oxidation of organic matter (Table 1b) . The oxidation 
was hound to proceed with the additional amount of H,O, until a point 
was reached near about 250 c.c. when more than 91% of the Carbon was 
removed and thereafter practically no further oxidation was observed. No 
significant change in N% was also observed as is seen from the narrowing 
down of C/N ratios. The soils were then subjected to second treatment of 
H,O, and it was observed (Table 1 c) that the repeated treatment of the soil 
by H,O, was more effective than the single treatment in removing C and N from 
the soils. 


On changing the concentration of HO, (Table Ic) it was observed that 
the amount of residual carbon increases with the decrease in the concentra- 
tion of H,O, but the N% of the soils was not affected to the same extent as 
can be concluded from the C/N ratio which increased with the decrease in 
H,O, concentration, The C/N ratio of the residual organic matter was found 
to increase with decreasing concentration of H,O,. . 


— For the purpose of studying the behaviour of H,O, Bund soll organic . 
matter present in alkali soils, two alkali soils were treated with 7:595  H,O,. 
In the case of these soils a low order of oxidation (17% to 2295) was obser- 
ved (Table 1c) but when these soils were acidified by N/10 HC] and therc- 
after treated with H,O, the percentage of oxidation was found to increase . 
considerably. "This is further supported by the findings of Hosking.? Besi 
pointed out that in alkaline solution a catalytic decomposition of H,O, 
takes place in the presence of MnO, with Mn (OH), as the probable inter- 
mediate compound. 


“MnO, + H0, = Mn(OH), + O, 
Mn(OH), + H,O, = MnO,.H,O + H,O. 
. In acid solution the following reaction is believed to take place: 
MnO, --H,O, --H,SO, = MnSO, + 2H,O + Os. 


On the basis of these facts it is quite obvious that Besada of or- 
ganic matter in alkali soils will be low as compared to normal soils. 


= m æ 
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TABLE 2 


Cation Exchange capacities of the soils as affected by H,O, Treatment 


— TN A! 


| 
| C.E. Capacity (m.e.%) 














ANS | eese | Sumo: E 
(m.e. 95) 
Ist treatment | II treatment 

l. 24.88 17.42 15.45 15.00 — 14.68 
2. 22 .46 16.54 14.84 14.24 14.00 
3. 18.00 | . 14.50 13.36 13.00 | - 12.48 
4. 15.42 11.84 10.04 * 10.01 9.86 
5. 11.40 | 9.00 8.24 T 7.80 
6. 


10.80 8.86 | 8.00 E 7.90 





2. Effect on Cation Exchange Capacity: 


The cation exchange capacity of the soils was found to decrease due to 
treatment by H,O, (Table 2). This is in accordance with the findings of 
Kerr?, Bartlett et.al. and Baver.* On varying the concentration of H,O,, 
it was observed that the reduction in cation exchange capacity was directly 
proportional to the concentration of H,O, used, The second treatment of 
soils by HO, resulted in further reduction of cation exchange capacity. | 


A linear relationship between cation exchange capacity and organic car- 
bon content of soils was observed (Fig. 1) but there was no such relationship 
between nitrogen content and cation exchange capacity of the soil. The re- 
duction in cation exchange capacity due to oxidation of organic carbon con- 
forms the findings of EE ang Piper’, FHosking* and Pathak, Mukherjee 
and Shrikhande, 18 
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TABLE 3 


Effect of H,O, on soils saturated with different cations 





if t - 
ieu Sample No. 1 Sample No. 2 | Sample No, 3 
Original [Residual Original [Residual Original Residual 


G% C95 %Loss | C95 G% % Loss | 0% c% % Loss 


2.434 | 0.59 | 2.126 | 0.600 | 71.7 | 1.468 | 0.438 | 70.1 
2.434 | 1.296 è 2.126 | 1.266 | 40.4 1.468 | 0.912 | 37.8 
2.434 | 1.448 2.126 | 1.358 | 36.1 | 1:468 | 1.012 | 31.06 





3. Effect of Exchangeable Cations: 


The effectiveness of H,O, in oxidising organic matter of the soil decrea- 
sed with the type of the cations saturating the soil H:>Na> Ca. This may 
be explained by Mattsons!? study on the électrical migration of soil collo- 
ids saturated with different cations, that the charge is the highest in Na-satu- 
rated particles which indicates that this ion dissociates more extensively from 
. the surface of the particles as compared to Ca-saturated particles. It means 
that the slow detachment of Ca will inhibit the oxidation process and so the 
oxidation will be lower in case of Ca-soils. This may further be supported 
by the findings of Wiegner and Pulmann?o who observed that the displace- 
ment of H+ by NaCl led to a weaker dispersion acidity, while the Ca-per- 
mutite produced an alkaline dispersion effect. A more or less similar situa- 
tion arises in the case of Ca-soils, causing lower oxidation. i 


TABLE 4 


Effect of H,O, on raw organic matter 





Carbon % 
Raw Organic Original C% 
matter - Ist l 2nd Reaction cataly- 

Treatment Treatment zed by the soi 

Sana . |. 56.80 27 45.84. 38.46 22.18 

Moog T4 > . 54.64 42.80 35.54 ` 20.44 

Wheat Straw 53.50 40.48 32.64 18.32 
Paddy Straw ` . 48.80 l 39.76 30.44 15.86: 


` 
k 
E " 
i » - - » 
* >. , a 
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4. Effect on Raw Organic matter: 


Raw organic matter like Sanai, Moong T,, Wheat straw and Paddy 
straw were treated by 7:5% H,O, and decrease in the percentage of carbon 
was observed in all the cases (Table IV). The second treatment by H,O, 
caused a further reduction in the percentage of carbon. After this a small 
quantity of soil was added to catalyse the reaction and it was quite interest- 
ing to note that the carbon percentage was reduced considerably due to this 
treatment. From this it may be inferred, that the raw organic matter is not 
easily decomposed by H,O,. 


TABLE 5 


Ammonium Fixation as affected by H,O, Treatment 








Original Soil HgO, Treated Soil 
Decrease in 5 


fixed after H3O | in NH4 
m.e. % | treatment fixation 


m.c. % 
1.47 . 0.58 28.29 
0.42 - 0.44 23.65 
1.10 | 0.30 l 21.62 


0.88 0.12 12.00 


5. Effect on NH,t+ fixation: 


In order to study the role played by the soil organic matter in NH,* 
fixation an attempt was made to determine the amount of NH,+ fixed by soils 
before and after oxidation of soil organic matter by two successive treatments 
of 1595 H4,0,. 


From the results given in table 5, itis observed that the removal of 
organic matter leads to decrease in NH,* fixation. In order to explain the 
results, let us consider the following points:— 


(a) The soils treated by H,O; were H+ saturated and therefore would’ 
be expected to fix more NH,t, (b) the presence of organic matter in soil is 
known to interfere in ammonium fixation, most probably by blocking the en- 
trance of NH,t ions between the clay plates, but the removal of organic 
matter by H,O, treatment should favour an increase in NH,+- fixation by 
the clay, (c) there is an increase in the % of clay due to treatment by H40, 
(Baver) and (d) the decrease in the particle size of the clay minerals due 
to exfoliation by H,O, treatment should increase both the uptake and fixa- 
tion of NH,t (Barshad?). Taking all these facts into consideration, it is 


4 


—N |NH, fixation |% Decrease ' 


May, 1963] , A. N. PATHAK et al on Behaviour of Hydrogen Peroxide 67 
quite obvious that if the clay fraction of the soil may be regarded as the 
main seat for NH,t fixation, then there should be an increase in the fixa- 
tion of NH,* due to H,O, treatment. But the decrease in fixation of NH,t 
as is evident from table 5 leads us to believe that the organic matter of the 


soils possess the capacity to fix NH,+ in nonexchangeable form. 
SUMMARY 


The effect of H,O, on soil organic matter was studied and it was obser- 
ved that the C and N %“decreases.as a result of this treatment. The repeated 
treatments were found to be more effective than the single treatment. The 
loss of C and N was less in alkali soils as compared to normal one. A decrease 
in the cation exchange capacity was also observed. The oxidation of soil or- 
ganic matter was greatest in H-saturated soils ` followed by Na-soils and least 
in Ca-soil, The raw organic matter is not easily decomposed by H¿Oz. The 
fixation of NH,4* was found to decrease due to the removal of organic mat- 
ter by H,O, 
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LONGEVITY OF LINUM GRANDIFLORUM Desf. POLLEN 
AND COMPARISON OF THREE TESTS FOR 
POLLEN VIABILITY 


D. K. DusBry 
B. R. College, Bichpurt, (Agra). 


[he storage longevity of pollen grains is of great importance in present 
day breeding programme. Holman and Brubaker (1926), Visser (1955) and 
Brewbaker (1959) have reviewed the literature on prolongation of pollen 
viability by storing the pollen under various conditions. The storage condi- 
tions tried are low temperature (Nebel, 1939; Sartoris, 1942; Pfeiffer, 1944; 
Jones and Newell, 1948; Visser, 1955) and controlled humidity (Holman and 
Brubaker, 1926; Ferwerda, 1937). Recently Singh (1960) has tried. low 
temperature and controlled humidity simultaneously and found that 23:98% of 
papaya pollen were viable even after eleven months when stored in a desic- 
cator at 230C and with 0% R.H., under the room conditions viability was 
lost within 24 days. The present study on the longevity of Linum grandiflorum. 
Desf. pollen was taken up with a view to find out the duration for which the 
pollen remain viable under different storage conditions. 


There are several distinct type-reactions of pollen grain such as stainabi- 
lity, germinabilty (in vitro), burstingability in certain mineral acids (Koul 
& Paliwal 1961) and fertilizing ability (or % seed-set) which are commonly 
utilized for testing the percentage of viable and non-viable pollen grains. 
Germinability and fertilizing ability out of the above methods are considered 
to be most reliable, whereas use of stainability as test of viability has recently 
been questioned by Vasil (1958), Singh (1960) and Johri and Vasil (1961). 
But as the methods of recording germination percentage and the percentage 
of seed-set are more time taking, these are almost impracticable for the plant 
breeder, who has to testa large number of samples within a comparatively 
short period. The mineral acid test, however, seems to be a reliable one and 
Koul & Paliwal (1961) while testing the male sterile and male fertile lines 
of Plantago ovata have found it to worlf accurately. In the present study on 
Linum Grandiflorum Desf. two stains i. e., iodine and acetocarmine, and the 
mineral acid test were used for testing the pollen viability, with an idea to 
confirm whether the three chemicals give similar results or not by correlation 
studies. 

MATERIAL: AND METHODS 

The flowers of Linum Grandiflorum with freshly dehisced anthers were 
collected and placed in three dry petridishes. Out of the three petridishes 
one, each was placed under the following three storage conditions :— 


(1) In a desiccator over calcium chloride (0% R.H. and 23 
to 44°C room temp.) 
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(2) In refrigerator (at 690 & 100%, R.H.) 
(3) On the table inside laboratory (23 to 44°C room temp. and 
69 to 87% R.H.)* 


Percentage of viable pollen grains from the anthers of stored flowers was 
recorded after every 24 hours utilizing the following three tests :— 


1. Iodine stain test, 
2. Acetocarmine stain TN 
3. Mineral Acid Test (25% HCl was sed. 


The viability percentage data obtained by the three, tests was plotted 
against time, in form of three separate graphs, each representing one storage 
condition (Figs. 1, 2 and 3). 


RESULTS AND DISGUSSION 


The viability of freshly collected L. grandiflorum pollen was found to be 
92:52 per cent as revealed by iodine test, 95:04 per cent by acid test and 
96:08 per cent by acetocarmine test. The viability of pollen preserved in 
different storage conditions was examined upto 22 days and results are 
summarised in the Table. 


-^ 


It is apparent from the Table that L. grandiflorum pollen stored under 
room conditions, could retain viability only upto six days, when only 1:96- 
.2:389 pollens were found to be viable, whereas pollen preserved at room 
temperature inside a desiccator over calcium chloride, showed 2'64-4°46% 
viability on the 9th day: of storage. The sample preserved inside the refrige- 
rator at 690 and 100% R.H. gave the best results where viability was 
retained even ue 22 days as shown by viability.test (1:97-3-939/ viable 


pollens). 


It thus appears that L. grandiflerum pollens do not completely lose their 
viability readily even at the room conditions as some of them could retain 
viability for six days. The longevity, however, could be prolonged by storing 


the pollen under cool conditions. 
* 


The time for which viability could be prolonged in L. grandiflorum is 
comparatively very short, as compared to certain other crops for example 
papaya where Singh (1960) could keep the pollen viable for elevén months 
in a desiccator at 230°C. This difference in the retention of pollen viability 
is in confirmity with the statement of Brewbaker and Majumdar (1959), 
where they have mentioned that most binucleate grains store well (e.g. papaya), 
while trinucleate grains seldom retain viability for more than a few days, as 
is seen in case of Linum grandiflorum during present study. 





* Atmospheric temperature and humidity data obtained from Meteorological Observatory, 
Bichpuri Farm, $ 
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Correlation Study—K perusal of figures 1, 2 & 3 shows that under all the 
three conditions of storage the curves of three different chemicals obtained by 
plotting the percentage viability against time adopt a similar path. At no 
' point the curves show a deviation of more than 10% which can be taken to 
be negligible, when the curves show a positive correlation between them. ` 
Thus it could be concluded that the results of .pollen viability, given by the 
three chemicals i.e., Iodine, Acetocarmine and aoc one Acid seems to - 
be quite reliable for practical purposes. h 


SUMMARY 


The longevity of pollen grains of. Linum grandiflorum Desf. was tested 
under varying conditions and following results were obtained. 


l. At- room conditions L. grandiflorum- pollea remained viable for six 
days and ina desiccator over calcium chloride it retained ‘viability. for a 
longer duration.of nine days. But the greatest prolongation of pollen viability 
was achieved when the pollens were stored inside a PERETANE: (at 6°C) where 
they ‘showed viability for twenty two days. 


* 


o 


2. The three chemical] Lite, iodine, Acetocarmine ¡and hydrochloric 
acid, utilised to test the ay of pollen grains gave similar results. 
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Figs. 1. à. Graphs. showing percentage of viable pollens under different storage 


conditions as shown by Iodine, Acid and Aceto:carmine tests. . 
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Fig. 1, For Pollen preserved at Room conditions. ' 
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"MALONÁNILIC ACID HYDRAZIDE AS A REAGENT 
FOR CARBONYL COMPOUNDS 


(KM.) Susan GEORGE AND P. I. IrTYERAH 
_ Chemistry Department, Se. John’ s College, Agra. . 


The importance of acid dad in the field of médicine and in syn- : 
thetic organic chemistry is well known. Earlier workers in this laboratory 
prepared a. number of new acid hydrazides.! Later on some of" these hy- 
drazides were tried as reagents for carbonyl compounds and the results ob- 
tained were published.? The present paper deals with the use of malo- 
nanilic acid hydrazide as a reagent for aliphatic, aromatic and heterocyclic 
aldehydes and ketones. 


Malonanilic acid hydrazide was prepared according to the method des- 
cribed by Brijraj Singh Rathore and Ittyerah.! The melting point and 
other physical and chemical properties of the compound were found to be the 
' same as, reported by'them. Several hydrazones have now been prepared us- 
‘ing this acid hydrazide, The general procedure has been to take a mixture of 
equimolecular quantities of the carbonyl compound and the acid hydrazide 
- in ethanol and to keep the mixture at room temperature for fifteen to twenty 
' minutes. .In some. cases like crotonaldehyde, n-heptaldehyde, and p-dime- 
thyl-aminobenzaldehyde the mixture had to be kept for about four hours for 
the hydrazones to crystallise- out. With .ketones the mixture had to be re- 
fluxed for two hours and then cooled. 


The. carbonyl compounds selected were benzaldehyde, m-nitrobenzalde- 
hyde; anisaldehyde, piperonal, p- dimethylaminobenzaldehyde, salicylaldehy- 
de, 5-chloro, 3:5- dichloro, 5-bromo, 3:5- dibromo, 3:5-diiodo, 3-nitro, 5-nitro, 
.3:5. dinitro, and 5-chloro-3-nitro, salicylaldehydes, 2- -thiophenaldehyde, chloral, 
n-heptaldehyde, crotonaldehyde, methyl ethyl ketone, acetophenone and benzo- 
.phenone. The only reason for choosing these particular carbonyl compounds 
was their easy availability in the laboratory at the time of investigation, 


The nitro-salicylaldehydes gave yellow hydrazones but all the other hy- 
drazones were white. The results obtained pint to the possibility of using : 
malonanilic acid hydrazide as a reagent for the characterisation of aldehydes 
and ketones, . 


EXPERIMENTAL 


Preparation of malonanilic acid hydrazide has already been described a 
The substituted - salicylaldehydes were prepared in’ the laboratory using 
well-known methods described in literature. For obtaining the hydrazones the 
method employed was the same in most cases and as an example the pre- 
paration of the hydrazone of anisaldehyde i is given helow;— — 
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Konanie acid hydrazide (0. 58.) and anisaldehyde (0.35g.) were dissolv- 
ed separately in 10 ml. each of ethanol. The solutions were then mixed and 
. kept aside for fifteen minutes at room temperature. The hydrazone which 
separated was filtered recrystallised, from alcohol and dried. It melted at 1999 


i and the yield was 0:8g. . (Found : N, 16°88. C4, Hy, Ny O, requires N, 17 Yor) 


' As mentioned earlier the conditions had to be slightly altered for. the 

‘preparation of the hydrazones of crotonaldehyde, n-heptaldehyde, p-dime- 

. thylaminobenzaldehyde and the ketones. The m.p., yield eus du the REG 
- zones are iien in the accompanying Table. 


TABLE 





Giving the m.p., yield etc. of the hydrazones . 


Malonanilic acid 





M. Pa Yield IN, 





or Halogen% 


No. hydrazone of:— - Mol. Form oC | % .| Req. | Found. 
.1. | Benzaldehyde ` Caeli N3503 %4 | 80 | 18.18 | 18.31 
a. | e Wirobemaldañrde | Cro H44N404 995 | 86 17.18. 16.76 
.8. | “Anisaldehyde CirHiNaOs: | 199 | 99 | 17.0. | 16.88 
4, | ` Piperonal. Cyr, N30, 204 | 45 19.54 , 19.80 
E^ p-Dimethylauninobenzaldeiyde CygHgoOaNy 198 30 17.28.| 16.85 | 
6. Salicylaldehyde Cy His N:O 933 82 14.14 14.02 
2.1 5-Chloro-salicylaldehyde C, eH; Ns OSCI .- 219 95 10.71 11.03 ` 
8. 3:5- Dichloro-salicylaldehyde CigHrsNgQsCle | 218 | 100 | 19.4 - |. 19.28 | 
|. 9. 5-Bromo-salicylaldehyde Cro HH: NS OsBr E 212 83 21 27.) 21.76. 
10. 3: 5-Dibromo-Salicylaldehyde Cie Hs N5OgBr, : 296 62 35,17 | 84.91 
1,’ | 8:5-Diiodo-salicylaldenyde C,eHisNgOsl, . |°-232.| 95 | 46.26] 46.69 
712. | 5-Nitrosalicylaldehyde CyeHuNiOg 256 99 17.18 16.94 
13. 8-Nitrosalicylaldehyde Caola N.Og : 252 99 .17.18 16.79 . 
14. : l 3 :5-Dinitro- salicyláldchyde Cyl aN 30; | 214 96 E 18.87.) 18, 57 | 
15. l 3-Nitro-5-chlorosalicylaidehydė | CigH sN,0,C1 221 | 94. 9.49 | 9.13 
16: .| 2-Thiophenaldehyde C,4HuNsOSS | 203 | 59 | 11.15] 10.9 
17. | Chloral ^ - C41 Hi 9N5O, Clg 265. 51 | 31.28 | ^31.01. 
18:.| n-Heptaldehyde' CagtgsNnO,.. | 145 | 44 | 14.59 | 14:52 
19. Crotonaldehyde Cy H,¿N50a | -170 | 37 17,14 | 17.13 
20. | Methyl éthyl-ketone C33H47N803 - 155 | 48 | 17.0 | 16.87. 
21. | Acetophenone C17H1:N809:. 212 55 | 14.23 , 14.65 
225 Benzophenone | | CssHagNsOg. 185 | 31 "d 11.76 | 11.68 


-— 


ots :— Halogen or sulphur was. estimated in compounds which contain any ‘one 
of these and DU in the rest, - | 


` 
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SUMMARY. ' 

/ Malopanilje acid Bvdradide was piepie. aud using this malonanilic 

acid hydrazones of benzaldehyde, m-nitrobenzaldehyde, anisaldéhyde, pipe- 
ronal, p-dimethylaminobenzaldehyde, salicylaldehyde, 5- chloro, 3:5-dichloro, : 
S bromo, 3:5-dibromo, 3:5- diodo, 3-nitro, 5-nitro, 3 -5-dinitro and 5-chloro- 
3-nitro, salicylaldehydes .2- -thiophenaldehyde, chloral, n- heptaldehyde, cro- 
tonaldehyde, methyl ethyl ‘ketone, acetophenone and benzophenone have 
been prepared. It has been found that malonanilic acid hydrazide is a good 


reagent for the detection, identification and ‘characterisation of aliphatic aro- 
matic and heterocyclic aldehydes and oe 


REFERENCES. 


l. "Brijraj Singh Rathore & Ittyerah, P. I., Jour. Indian DU. Soc., 1960, 37, 591. 
2. Susamma Jacob & il P.I. , Agra Unin. i Res. (Sci), 1961, 10 (II), 105. 


MALON-P-IODOANILIC ACID AND SOME OF ITS DERIVATIVES | 


B. P. AsrHANA AND P. I. IrrvERAH 
Chemistry Department, St. John's College, Agra. 


A large number of workers have studied the reaction between primary 
aromatic amines and ethyl malonate: To mention only a few, Freund§, 
Rugheimer and Hoffmann’, Whitely?, Chattaway and Mason?, Chattaway 
and Olmsted’, and- Ahluwalia, Haq and Ray! have done considerable 
work in this line. In this laboratory Chellappa and Ittyerah* prepared 
malon-1:3:4-xylidic acid by condensing freshly. distilled 1:3:4- xylidine 
with pure ethyl malonate. Again George and Ittyerah® have prepared 
malon-o-,m- and p-chloranilic acid from malonic' ester and the corresponding 
chloroaniline. E 

In this paper is described the preparation of malon-p-iodoanilic acid 
and its reaction with certain aldehydes. 


When ethyl malonate is allowed to react with p-iodoaniline, two products 
can be expected (a) ethyl-malon-p-iodoanilate and (b) malon-di-f-iodoanilide. 
Both these products have been obtained in the course of the present investi- 
gation. No attempt has been made to isolate in pure state. the ester (a) 
which on hydrolysis yielded  malon-p-iodoanilic acid. Malon-f-iodoanilic 
- acid melted with decomposition at 1629 and malon-di-p-iodoanilide melted 
at 2560, The maximum yield of the acid was approximately 64%. | 


It was observed that in some experiments when ethyl malonate and 
p-iodoaniline were mixed and warmed the mixture turned dark brown due 
to the evolution of iodine and the expected .reaction did not take place, 
On investigation it was found that this was caused by impurities present in 
the starting materials and to overcome this difficulty very pure materials had 
to be used. It must also be mentioned that the duration and rate of heating 
also affected the purity and yield of the products. 

Malon-p-iodoanilic acid was condensed with benzaldehyde, o-chlorobenzal- 
. dehyde, 2-thiophenaldehyde, salicylaldehyde and 3:5-dichlorosalicylaldehyde, 
With the first three aldehydes the products obtained were the corresponding 
arylidene-malon-p-iodoanilic acid (I) and the corresponding cinnam-f- 
iodoanilide (11). With salicylaldehyde the product was mainly coumarin-3- 


COOH 20 
Renze’ R-CH=CH-CO.NH-C Mal 


Q) i m (Hi) 


carboxy-f-iodoanilide (III). Along with this coumarin derivative some salicyl- 
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al-p-iodoaniline was also obtained. The formation of this Schiff's base seems to 
be a peculiar feature of the o-hydroxy-aldehyde condensations alone. This : 
observation has been made in this laboratory by some. earlier workers also.’ 
The identity of this product was established both by analysis and by mixed 
melting point determination with an authentic specimen prepared by the conden-' 
sation of salicylaldehyde and p-iodoaniline. With 3:5-dichlorosalicylaldehyde 
the expected coumarin derivative was not obtained under the conditions tried. 
The only product obtained was 3: 5-dichloro-salicylal-p-iodoaniline, m.p. 190°. 


The condensations were carried out both in the presence and in the abse- 
nce of. condensing agents. The condensing agents used were glacial acetic 
acid, pyridine and piperidine. Piperidine was found harmful in these conden- 
sations as it produced only resinous products from which no pure compounds 
could be isolated. The other two condensing agents catalysed the reactions. 


Attempts to ‘condense malon-di-p-iodoanilide with benzaldehyde were 
. unsuccessful. i 


EXPERIMENTAL 
Malon-p-iodoanilic acid and malon-di-p-iodoanilide : 


A mixture of freshly crystallised p-iodoaniline (5 g.) and freshly 
distilled ethyl malonate (8 g.) wastaken in a 100 ml. round bottomed 
flask fitted with a condenser of such a length that the alcohol formed during 
the reaction escaped while the ethyl malonate condensed and flowed . back. | 
The mixture was gently boiled for an hour. After cooling, ethanol (50 ml.) 
‘was added and the mixture stirred vigorously. The crystalline precipitate 
formed was filtered and recrystallised from absolute alcohol. The colourless 
needles (1.7 g.) of malon-di-p-iodoanilide thus obtained melted at 256° 
(Found: N, 5:08; C,,H,,O,N,I, requires, N, 5:53%). 


Malon-di-f-iodoanilide when exposed to air and light developed a bluish 
tint. | 

The filtrate was then mixed with sodium carbonate (5g.) dissolved in 
distilled water (40 ml.) and steam was blown through it for an hour. The 
solution on cooling deposited a little more of the dianilide. This was filtered - 
off and the clear filtrate acidified with conc. hydrochloric acid. The white 
crystalline precipitate formed was filtered and recrystallised from alcohol. This 
on analysis was found to be malon-p-iodoanilic acid. The yield was 4.6 g. 
and it melted with decomposition at 1629. (Found : N, 4.21; C4H40; NI 
requires N, 4.59%). 


In experiments where the duration of heating was shorter (30 to 45 
minutes) the yield of both malon-di-f-iodoanilide and malon-p-iodoanilic acid 
was lower and heating for more than one hour resulted in the formation 
of much resinous matter. 


_ 
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Bene yhdene-anaton- -p-iodoantlic acid is) cinnam -b-iodoanilide : 


Malon. f- Aodontulie acid (2 g.) and benzaldehyde (0. 78) were mixed 
and heated on a steam bath. The mixture first melted to a clear yellow 
liquid but soon set to a solid. After heating for four hours. the contents were 
extracted with a warm solution of sodium carbonate in which the entire mass 
dissolved. This alkaline solution was then extracted with ether to remove all 
unreacted aldehyde. The alkali extract on addition of excess of conc. 
hydrochloric acid deposited 1.7g. of benzylidene-malon-f-iodoanilic acid which 
after recrystallisation from aqueous: ethanol melted with decomposition at 2149, 
(Found : N, 3. 67; C4,H, ,O4NI requires N, 3.56%) 


The above experiment was repeated using a trace of aie (0.1 m1.) 
asa condensing agent. On extraction with sodium carbonate solution a 
residue was left which on crystallisation from dilute ethanol gave 1.55g. of 
cinnam-p-iodoanilide, m.p. 190°. (Found: N, 4.22; C,,H,,0NI requires N, 
4.01%.) 


When piperidine was used in place of pyridine the whole mass resinified 
and on using glacial acetic acid as the condensing age benzylidene-malon-f- 
iodoanilic acid was the only product. 


2-Thenal-malon-p-iodoanilic acid and 2-thienyl-p-acryl-p-iodoanilide : 


A mixture of malon-f-iodoanihc acid (2g.3 and 2- Ne | 
(0.75 g.) was heated for four hours on a steam bath and the resulting mass on 
- extraction with a strong solution ofssodium bicarbonate left a residue which 
on recrystallisation from dilute alcohol melted at 1979. This was identified to 
be. 2-thienyl-acryl-p-iodoanilide. The yeild was 0.4g. (Found S, 8.8; 
C131, ,ONSI requires S, 9.01%) 


The alkali extract on addition of conc. hydrochloric acid deposited 1.2 g. 
of 2-thenal-malon-p-iodoanilic acid which after recrystallisation from aqueous 
ethanol melted with decomposition at 224%, (Found: S, 7.71; C,¿H,00¿NSI 
requires S, 8.02%) * 


o-Ghlorobenz ylidene-malon-p-iodoanilic acid and o-chlorocinnam-p-iodoanilide ; 


Malon-f-iodoanilic acid (2 g.) and o-chlorobenzaldehyde (0.75 g.) were 
mixed and heated on a steam bath for four hours. The mass first melted with 
slight effervescence but gradually solidified. On extraction with a satura- 
ted solution of sodium bicarbonate in the usual manner a residue was obtain- 
ed which after recrystallisation from aqeous alcohol gave o-chlorocinnam-f- 
ijodoanilide (0.3 g), m.p. 1869. (Found : N, 3.59; C,,H,,ONCII requires N, 
3.65%.) ? 


_ The alkali extract on addition of excess of conc. hydrochloric acid yielded 
white crystals of o-chlorobenzylidene-malon-p-iodoanilic acid (1.45g.) which 


à — AGRA’ UNIVERSITY JOURNAL OF RESEARCH [Vol. xii 


after recrystallisation melted at 205°. (Found : N, 3.05; C1, O,NCII requires 
93.2795.) 


4^ 


With a trace of pyridine as the condensing agent the yield of o- 
chlorocinnam-f-iodoanilide was higher (1.72 g.) whereas the yield of the acid 
product was low. On the other hand when glacial acetic acid was used only 
the acid product (1.92 g) was obtained. Piperidine did not help as only 
resins were formed. to ow 


' Comarin-3=carboxy-p-iodoanilide and salicylal-p-iodoaniline : 


Salicylaldehyde (0-8 g.) and malon-£-iodoanilicacid (2 g.) and a drop of 
pyridine were heated on the steam bath for four hours. The orange yellow 
mass was then treated with sodium bicarbonate but there was no reaction. 
The residue on fractional crystallisation using alcohol gave salicylal-£-iodoani- 
line (0.4 g') and coumarin-3-carboxy-P-iodoanilide (0:6 g.). The former after 
recrystallisation from ethanol melted at 131%, (Found: N, 4°55; C,,H,,ONI, 
requires N, 4.33%.) The identity of this compound was further established 
by preparing an authentic specimen by the condensation of salicylaldehyde 
with p-iodoaniline. | 


The latter after recrystallisation from ethanol melted at 236%, (Found : N, 
4.14; Cis Hie ONI requires N, 3.84%) 


Condensation of 3:5-dichloro-salicylaldehyde with malon-p-iodoanilic acid : 


Several attempts were made to condense the aldehyde and the acid but 
in all cases only 3:5-dichlorosalicylal-p-iodoaniline, m. p.1900, was the only 
" product obtained. The identity of the compound was established) by mixed 
melting point determination with. an authentic specimen prepared by the 
condensation of the aldehyde with p-iodoaniline. 


SUMMARY 


Malon-p-iodoanilic acid and malon-di-p-iodoanilide were prepared by the 
action of ethyl malonate on f-iodoaniline. Very pure starting materials were 
found necessary as otherwise the amine decomposed. Malon-p-iodoanilic acid 
` was then condensed with benzaldehyde, -chlorobenzaldehyde, 2-thiophene- 
aldehyde, salicylaldehyde and 3:5-dichloro-salicylaldehyde. The first three 
aldehydes gave the corresponding arylidene-malon-p-iodoanilic acids and 
cinnam-f-iodoanilides. Salicylaldehyde gave Coumarin-3-carboxy-p-iodoanilide 
and salicylal-p-iodoaniline. 3:5-Dichloro-salicylaldehyde gave only 3:5-dich- 
loro-salicylal-?-iodoaniline. The influence of glacial acetic acid, pyridine and 
piperidine as condensing agents was also studied. 
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PRODUCTION OF TWO SCAPES FROM A VARIETY 
- OF MUSA PARADISIACA L.* 


| THOMAS M. VARGHESE 
School of Plant Morphology, Meerut College, Meerut. 


The characteristic inflorescence of Musa. paradisiaca L. is a solitary scape, 
which is a prolongation of the axial apex. The inflorescence emerges through 
the pseudostem which is formed by the sheathing bases of radical leaves all 
round the central axis. 7 


A number of teratological variations in the inflorescence of Musa have 
been reported. Parija (1931) has described an abnormal banana plant with 
8 inflorescences, in which one was terminal and the remaining were borne by 
branches from the. last three penultimate nodes. All of them were sterile. 
Jacob (1938) observed the so called ‘fasciated inflorescence’ in “a banana 
variety, Kali, locally known as ‘Mara bala’ (Musa paradisiaca L. var. Kali) pro- 
duced a dozen different ‘hearts’ (cone like inflorescence) of pistillate flowers 
developing into innumerable diminutive fruits while the original staminate 
‘heart’ remained as such”. Davis (1948) recorded a Musa variety, peyan, 
with four forkings of which three bore normal fertile fruits, while the fourth 
one was sterile and minute. Ghosh and Chakravorty (1949) found a Musa 
plant which produced “as many as five infloresCences in addition to the 
normal and apparently terminal ones, at different levels on its trunk". The 
accessory inflorescence were produced from the axils of leaves at the ‘nodes’. 


The present report deals with an interesting abnormality in a table 
variety of Musa paradistaca, locally known as ‘Chingan’. The plant was growing 
in Ranni, a village in Kerala State. This plant exhibited some remarkable 
deviations from the previously reported abnormalities. | 


The sucker ofthis abnormal plant obtained from a mother plant which 
produced a very heavy bunch-weighing about a hundred and ten pounds and 
the iruits were about double the size of normal ones of this variety. At maturity 
the abnormal plant produced one inflorescence to begin with. The height 
ofthe plant at that time was about eight feet. The leaves wire much crowded 
and the plant resembled a, diseased one, which was suspected as a symptom 
of the virus disease *bunchy top" which is quite prevalent in Kerala. But, 
the growth of the plant continued for. about a foot more and produced an- 
other “heart” ten days after the production of the first one. "Thus the 
plant at maturity carried two ‘hearts’ of which the first was outwardly 
"axillary" while the .second was ‘terminal’ (see. the Plate). Both ‘hearts’ 


* Research contribution No. 52 from the School of Plant Morphology, Meerut College, 
Meerut, India, 
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had separate shot leaves and at the time of appearance of bolt the hearts, the 
plant had seventeen fresh leaves including the shot leaves. Both the 'hearts' 
bore fruits of normal size. The ‘hands’ were equally spaced. The fruits 
, produced from the upper, (second) terminal inflorescence were a little bigger 
than those produced from the first one, which had fruits of normal size. 


At maturity the pseudo-stem was dissected and the leaf-sheaths were 
removed one by one. It was noted that the inflorescene stalks maintained 
their individuality except at the basal portion. Each of the inflorescence stalks 
had four separate leaf sheaths forming its envelopes. Outside these 
there were a few leaf-sheaths forming a common covering for both, giving 
the appearance ofa single plant (see the text-figure). Both the ‘plants’ 
were fused at the base for a few inches. The scapes were actually borne 
by two independent axes. The  pseudo-stem externally exhibited no differ- 
ence in form or size from the normal one. The transverse section of the base 
of the pseudostem (about 12.5 centimeters above the root-stock) was oval in 
shape. A little above this, a groove appeared marking the limits of the two 
pseudo-stems. 'The abnormal plant noted by the author had the following 
peculiarities : | 

(1) Inside some common sheaths there were two separate axes that 
showed fusion for a distance of about a few centimeters at the base. 


(2) The 'hearts' were produced at two different heights, so that one 
appeared “terminal” and the other “axillary”. 


(3) The two scapes appeared at different times, the ‘terminal’ infloresc- 
ence being younger by 10 days than the ‘pseudo-axillary’ one. 


Although several abnormalities with regard to the production of more 
than one inflorescence in. Musa are reported, only a few authors (Davis, 1948, 
Ghosh and Chakravorty, 1949) have attempted an interpretation of such 
abnormalities. Davis (1948) says “Probably due to the external stimulations 
or disturbances the meristematic tissue of the peduncle in very young stage 
might have been hurt, and as the result of which it might have continued 
growth with different growing points (apical meristem). Till the inflorescence. 
has emerged the growth in different directions was not possible as the compact 
" leaf sheaths do not give room for such lateral growth,” Ghosh and Chakra- 
vorty (1949) dissected the abnormal plant noted by them and found that the 
accessory inflorescences were produced by the activation of dormant buds at 
the nodes. 


There are three possible explanations of the abnormality reported here: 


(1) - The single apical meristem after giving rise to a few leaves, got | 
divided by a longitudinal split. Thus two apical innovations (growing points) ` 
were formed which produced two separate axes while the first-formed leaves 
of the plant produced the common envelope through which the daughter 
meristéms continued their growth separately up to maturity. Out of 
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these,. one matured earlier and produced an inflorescene which occupied a 
*pseudo-axillary position while the other oné continued its growth and 
produced a ‘heart’ ata higher level that appeared ‘terminal’. 


(2) 'Two rootstocks might have fused in a very young stage and given 
rise to some leaves which formed a common envelope by their sheaths. After 
growing for a short distance together, they  regained their individuality and 
produced two separate axes inside tbe first formed pseudostem. 


(3) The production of an axillary bud in the axilofa leaf sheath and 
its subsequent development into an axis may lead the abnormal production. 


The author is extremely thankful to Prof. V. Puri, D. Sc, F. N. IL, 
for going through the manuscript. He is also thankful to Dr. M. C. Joshi, 
Dr. S. K. Pillai and Mr. N. P. Saxena for encouragement and suggestions 
and to Mr. Kunjappan Thadathil for providing thc material for the present 
study. 
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DESCRIPTION OF THE FIGURE 


Diagrammatic representation of the dissected Musa paradisiaca L. 


cls —common leaf-sheaths 

fs —fused portion of the inflorescence stalk. 

il individual leaf-sheath 

Pa —‘Pseudo-axillary’ inflorescence 

rs -—root-stock 

sl —8ghot-leaf : 


ti —“terminal” inflorescence. 
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L.) with two inflorescences. 


A banana plant (Musa Paradisiaca 


EFFICIENCY OF DETERGENTS BY FARADAIC 
RECTIFICATION METHOD 


H. P. AGARWAL* 
Department of Chemistry, 
Motilal Vigyan Makavidyalaya, Bhopal,’ India. 


INTRODUCTION 


Surface active substances are: known to affect the characteristic of 
polarographic waves. With the increase in concentration of the surface 
active substance, the waves generally become flatter and are shifted towards 
more negative potential, except in some cases, the wave is splitted into two 
waves.’ This behaviour has been explained on the basis of adsorption of the 
- surface active substance at the electrode or to its adherence with the reducible 
substance. Besides this, the surface active substances markedly influence the 
kinetics of electrode processes. It is in order to-throw some light on this matter, 
and to determine therefrom, the efficiency of a few surface active substances, 
the faradaic rectification method has been used. The method has been found 
to be very convenient and useful? for the study of fast electrode processes, 
and it is based on observing the shift in mean potential, when an electrode is 


being polarised with a sinusoidal current, f 


© EXPERIMENTAL 
Reagents : l i 
The calculated amounts of ferric ammonium sulphate (A. R.) and ferrous 
ammonium sulphate (A.R.) (concentration of Fett and Fettt each being 
*002 M) were dissolved in 1-N sulphuric acid (A.R.), containing a fixed amount 
of the detergent. Lissapol N (I.C.I.), Cetyl pyridinium bromide-Fixanol C 
(I.C.I.), and Teepol (neutral, lab reagent B.D.H.) were chosen for the study. 


Procedure : 


The earlier experimental cell? used for the measurement of. redoxokinetic 
potential was suitably modified! so that the two a.c. electrodes may be separa- 
ted from each other in such a.manner that there may be a uniform distribu- 
tion of current density. The iR drop in between the reference electrode 
(third electrode) and the polarised (measuring) electrode was avoided by 
keeping the two close together within a distance of °5 cm. All the. data were 
obtained for Platinum/aqueous solutions. 'The magnitude of a.c. voltage 
between the reference electrode and polarised electrode was measured by 
, connecting them (electrodes) to the Y-axis of a high sensitive Philips Oscillo- 
graph type GM 3156 whose sensitivity was 1 mv (r. m. s.) per cm. A Philips 
audio oscillator type GM 2315 served as an a.c. source. The technique for 
measuring the shift in mean potential was also improved. The rectified d.c. 


* Prese nt Address—Professor of Chemistry, M. A. College of Technology, Bhopal. 
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potentials were measured? potentiometrically after filtering off a.c. through 
low frequency. pass filters. The potentiometer used could measure correctly 
potentials of the order of 1 micro-volt using a high sensitive Pye & Co., 
moving coil mirror galvanometer, Resistance=1840 Ohms, sensitivity 
4.5mm/#o at a distance of 1.1 meter. The observations were taken at 4 mv and 
8 mv of alternating voltage, so as to verify the variation of square of a.c. 
voltage, V, with the. Redoxokinetic potential, “Pp”. The results. obtained are 
given in table 1, except that the values of “Y” at8 mv have not been given, 
as they were found to be exactly 4 times to those obtained at 4 my. 


In presence of .002% of cetyl pyridinium bromide (fixanol C), the 
diffusion coefficient of .001 M ferric ammonium sulphate in 1-N sulphuric 
acid was determined by the fritted glass porous diaphragm cell method. The 
amount of ferric salt diffused in the other compartment of the cell was 
determined by the electro-chemical method, whose details are given in a . 
separate communication, The values of concentration gradient and of mean | 
concentration for diffusion of .001 M ferric salt in 1-N sulphuric acid 
containing .002% solution of cetyl pyridinium bromide (fixanol C) are ‘given 
in table 2. | 


RESULTS AND Discussion 


On addition of lissapol N and fixanol C to the ferrous ferric redox 
couple, ‘P, the redoxo-kinetic potential is found to decrease in magnitude 
at all frequencies as compared to the values obtained (-26 po at 500 cycles/sec. 
or above), when the detergents are not being added to the system. .When 
teepol is being added to the redox reaction, Similar. results are obtained 
except that at a frequency of 200 cycles per sec. or below; the shift in mean 
potential becomes positive (because the decrease in negative values leads to 
more positive values). In all the three cases, “y? becomes constant at 
a frequency of 1000 cycles per sec. or above in agreement with the theo- 
retical analysis.2 Below a frequency of 500 cycles per sec. “Y” varies with 
the square root of frequency when fixanol C and lissapol-N are being used, 
but with teepol, the relationship does not hold true. It may be noted that 
lissapol-N does not form truely homogeneous solution, (turbid solution) as 
after allowing the solution to stand for more than 40 hours, lissapol gets 
settled at the bottom of the cell. 


On applying the theoretical equation® at high frequency, 


2YRT f 
Wink ... ... (1) ; 


(where ‘a’ is the transfer coefficient, R is the gas constant, T is the absolute 
temperature, n is the valency, V is a.c. voltage incident and F is the Faraday), 
the transfer. coefficient in presence of different surface active substances can 
be calculated by substituting V —4mv, and “Y” ata frequency of 1000 
cycles/sec. or. above from table 1, The values of ‘a’ thus obtained arg. 


a —().5 — 
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573 with lissapol N, .566 in presence of fizanol C (cetyl pyridinium bromide) 

and :526 when teepol is being added to the ferrous ferric redox reaction. 
In absence® of surface active substances, the transfer coefficient of ferrous- 
ferric redox couple is ‘586. It may, therefore, be concluded that on addition 
of above detergents, ‘the transfer coefficient decreases. The lowering of transfer 

coefficient indicates that the rate of reduction during the cathodic half wave 

is retarded in presence of the surface active substances, probably due to 

their adsorption at the electrode surfaces. The extent of decrease in transfer 

coefficient may be taken as a measure of detergent action of the surface-active 
substance, and for the substances tried the efficiency varies in the following 

order : 


Tcepol <> Fixanol C (Cetyl pyridinium bromide)> Lissapol N. 


For seeing the influence of detergents on rate constant, it becomes 
necessary to determine diffusion coefficient of the reactants, when the surface- 
active substance is present in the supporting electrolyte. The diffusion 
coefficient of ferric ammonium sulphate under the above conditions was cal- 
culated from the data given in table 2 by following the method.of Hartley 
and Runnicles.? The diffusion coefficient of ferric salt in 1-N sulphuric acid 
containing ‘002% fixanol CŒ (cetyl pyridinium bromide) thus obtained is 
2.0x10-5cm.*sec.-!, The value of rate constant when fixanol C is being 
added to the redox reaction was calculated by making use of the theoretical 
equation! applicable at lower frequency, i.e. 








yRT 2 d: hes HUE) 


where ‘om’ is the "e frequency (w=2zf, f is the frequency of a.c. in 
cycles/sec.), D is the diffusion coefficient, K, is the rate constant, and the 
other notations are the same as given for equation (i). The transfer coefficient 
obtained at .002 M concentration of the reactants is the same? as that obtai- 
ned with .001 M concentration. Hence substituting in equation (ii the value 
of a==.566 (obtained when .002% fixanol G is added to the reactants.), the 
value of Y, redoxokinetic potential, at a frequency of 200 cycles/sec. at 4 mv 
of a.c. from table 1 and the value of diffusion. coefficient D as given above, 
the value of K, thus obtained is .12 cm. sec.~4. On comparing this value with 
that of ferrous and ferric redox couple (concentration of each cation is .001-M 
- in 1-N H,SO,) alone* (K,=.045), it is found to be 2.5 times higher. The 
increase in rate constant may perhaps be due to the forming of a complex in 
between the surfactant and the reactants. 


_ SUMMARY 


On addition of surface active an the transfer coefficient of 
ferrous-ferric redox system decreases, indicating thereby that the reduction 
‘during the cathodic half wave is favoured less in their presence. The 
transfer coefficients of ferrgus-ferric redox couple in presence of lissapol N, 
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fixanol C (cetyl pyridinium bromide) and teepol neutral are -573, :566 and 
"526 respectively. The extent of decrease of transfer coefficient is a measure of 
the detergent action of the surface active substance. The rate constant is 
also tremendously influenced on addition of fixanol C. The value of rate 
- constant determined for .001 M. Fett, .001 M. Fett in 1 N sulphuric acid con- 
taining .002% fixanol C (cetyl pyridinium bromide) is 0.12 cm, sec.-!. ` 
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Dm tu 


TABLE l 


Dimensions of bright, polished, platinum” "foil electrodes used :— - 


a. C. electrodes length in cms. breadth in cms. 
GA RIE 1.30 *'" A5 
2mm 2. 1.30 1.10 (earthed) 
‘Reference electrode 1.30 1.10 


Temperature of the thermostat 35° + .05°C 





Values of “y” redoxokinetic potential in micro-volts 
at 4 mv, of a.c. when concentrations of oxidant. 
and reductant (Fett and Fet++) each is .002 M in 





Serial | a.c. frequency | 1-N H,SO, containing: — 
No. in cycles per 
second 
2% solution of | ‘002% solution | 2% solution of 
Lissapol N of Fixanol C Teepol (neutral) 
E 90. — 9 — 6 yee 
2. 100 — 12 — 9 +15 
3 200 —16 —12 +6 
4 500 —20 —14 —3 
9. -f° 1000 —22 — 20 —8 
6. 2000 —22 —20 —8 
7. 5000 —22 —20 —8 
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TABLE 2 | 


Values of concentration gradient and of mean concentration for” diffusion 
of .001 M ferric ammonium sulphate in I-N. H,SO, containing .002 9/ solution 
of fixanol C. 


Notus of the ferric ammonium nee solution taken in compartment 
‘A’ of the porous diaphragm cell—60 c.c. 


Volume ofthe supporting electrolyte (.0029%, solution of fixanol C in 1-N 
H,SO,) taken in compartment ‘B’ of the porous diaphragm cell ...... = 110 c C.C. 


Characteristic constant of the cell — 3.46 
Temperature of thermostat = 359 + .05°C. 





Concentra- Concentra- | Concentra- 





















Time ‘t? | tion of the tion of the | tion Mean con- 
in diffused salt | Time ‘ty’ in | diffused salt | gradient. centiation. 
minutes. in gm. minutes. in gm. de! A 
Equ/litre. Equ/litre. —~ x 108 C' x 108 
C, x 108 CQ,x10 | 4 
308 |. 86.3 699 - 63.1 .067 49.7 
345 39.8 668 61.6 067 50.7 
377 43.6 638 58.9 .06 51.2 
419 45.7 608 56.9 06 51.3 
455 49.3 578 54.9 .045 52.1 
505 50.7 547 `> | . 52.5 .043 51.6 





“AMMONIUM FIXATION IN SOILS 


A. N. PATHAK AND H. S. SRIVASTAVA - 
Agricultural Chemistry Section, Govt. Agricultural College, Kanpur. 


- Early in 1915 Ruprecht and Morse claimed the absorption of ammonium - 
nitrogen from ammonium salts in soils through base-exchange phenomenon, 
which was also supported by Miyake (1916). At that time there was no idea 
of ammonium retention or fixation along with its absorption, NH,-fixation in . 
sols was brought into prominence in 1917 by Mc Beth who showed that under 
moist condition some soils fixed applied NH, in a form such that it can not 
be removed by alkaline distillation or extraction with 10 per cent HCl. Later 
on Subramanyan (1924), Porges (1929), Chaminade and Drouneau (1936), 
Buswell and Dudenbostel (1946), Mettson, and. Anderson (1942), -Cornet 
(1943), Levine (1946) and: Jackson and Chang (1947) have presented eviden- 
ces of NH, accumulation in soils as a result 95 fixation. 


Bower (1950) found that Na* under certain circumstances is somewhat 
more effective than K+ in displacing fixed NH,* ions in clay minerals. 
‘Barshad (1951) has shown his simplest-method of determining fixed NH,t by 
saturating duplicate samples with NH ,* and distilling one sample with NaOH 
and the other with KOH. The difference in ammonium replaced would equal 
to the fixation capacity for NH,+. Mortland (1955), Allison and Roller (1955), 
Harway and Scott (1956), Nash and Marshall (1956) and Govinda Rajan and 
Venkata Rao (1957) have reported that. clay predominant minerals like 
Vermiculite, illite, montmorillonite, biotite and even feldspar have the 
capacity to fix considerable NH, ions. 


Mc Dowell and Smith (1958) reported that soil texture has a pronounced 
effect on NH,* movement and retention. Recently Sohn and Peech (1958), . 
= Dhariwal and Stevenson (1958), Goring and Martin (1959), Scott, Hunziker 
and Hanway (1960), Axlay and Legg (1960) and Walsh and Murdock (1960) 
have studied the different aspects of the soil viz., Clay content, organic 
matter, exchange capacity and clay minerals in relation to NH,+ fixation. 


MATERIAL AND METHOD 


The experiment was conducted with a normal cultivated and uncultiva- 
ted soils and usar soil. The cultivated and uncultivated soils were taken from 
the students Instructional Farm, Govt. Agricultural College, Kanpur, (U. P.) 
and the Usar soil was taken adjacent, to the farm near the Allen Forest. 
Sufficient amount of soils, each was saturated with NH, by the N. ammonium 
acetate method and free ammonium acetate was washed out by dil. alcohol. 
The soil was subsequently divided into seven parts and treated as follows: 


* 


4 
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One part was digested as usual for total nitrogen to determine the 
adsorbed NH,-N as well as total nitrogen. Five parts were’ distilled each 
with a different bases like MgO, NaOH, KOH, Ba(OH), and Ca(OH), 
and the amount of NH, was determincd in the distillate to see the relative 
effectiveness of bases. The seventh part was leached with N.BaCi, and the 
amount of NH, was determined in the leachate to see the relative effectiveness 
of leaching and'distillation. Ammonium fixing capacity of different fractions 
from these soils was also studied, * 


- Cation exchange capacity of the soils was taken as the difference between 
the total nitrogen of the untreated soil and total nitrogen of NH,+-saturated 
soil. The NH, fixing capacity was taken as the difference between the cation 
exchange capacity of the soil and the replaceable ammonium. as determined 
by distillation with different base in Parnas-Wagner micro distillation unit. 


ExPERIMENTAL RESULTS 


From the data in table 1 it is observed that not all the NH, which 
enters the exchange complex is replaced by either of the extractant used. 
Some portion of the NH, that has entered the exchange complex is fixed and .. 
is not extracted. However, in normal cultivated and uncultivated soils MgO 
distillation gave out the maximum amount of replacéable NH, whereas in. 
"Usar soil}. NaOH distillation gave out the maximum amount. ` It is further 
observed that Ba is more effective in replacing adsorbed NH, by distillation 
than by leaching. ‘This might be due to the expansion of the lattices of clay 
minerals (which had adsorbed NH, on their surface) and by the positive 


. effects of beating at the time of distillation. The other extractants like KOH 
and Ca(OH), were > not so effective. 


: Attempts were then made to Hime the NH,-fixing power of the’ 
different fractions of the soil and their contribution in fixation. The data i are 
incor porated i in table 2 and 3. 


From the data in table 2 it is observed that clay fixed highest amount of - 
NH,. Allison, Kefauver and Roller (1953) also observed a similar phenomenon. 
Sand invariably fixed more NH, than silt which falls in line with the observa- 
tion of Coroll (1931-32),' Hosking (1948) and Barshad (1951) and - may be . 
attributed to the association of some clay minerals with the sand particles. 


It is interesting to note from the data in table 3 that NH,-fixing .. 
capacity of soil as found by the actual analysis is in close proximity with - 
the sum calculated ofthe different fractions. This falls in line with the 
observations of Pathak, Mukerji and Shrikhande (1949). 


GENERAL Dimension 


Various mechanisms have been put forward regarding ammonium - 
fixation in soils. One mechanism results froma replacement by ammonium 


, 
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. for interlayer cations like Catt, Mg++, Nat, and H+ in the expanded lattice 
of clay minerals. Further the replacement of interlayer cations by.ammoni-. 
um results in contraction of the lattice and thus the trapping of the ammoni- 
um-ions in it. Another mechanism of ammonium adsorption by H saturated 
clay in which NH¿+ ions and H+ -clay react to form NH,t-clay, was stidied 
by Cornet (1943), Buswell and Dudenbostel (1941). Porges (1929) put forth 
his theory of ammonium-organic-complex, when the soils are leached with 
ammonium salts and thus cause the ammonium fixation. 


In this study, applications of the nuc method for the determination 
of ammonium fixing capacity was illustrated by the difference in the exchange 
capacity of the soil and the amount'of NH, replaced from an ammonium 
saturated soil by distillation with MgO in case of normal soil and with NaOH 
in case of Usar soil. As the whole of NH,* from an NH, saturated soil is not 
replaced by any of the bases studied in determining the exchange capacity 
of the soil, so the exchange capacity of the soil, was estimated by substracting 
the total N of the soil from the total N of the soil found after saturating the 
soil with NH, and expressing the value as m.e.%. 


i 


SUMMARY . 


Ammonium fixing capacity of Usar, cultivated and uncultivated soils 
was tested using different bases as distillant. It was observed that in normal 
soils MgO distillation gave out the maximum amount of replaceable NH, 
: whereas in Usar soil NaOH distillation showed better result. Ba distillation ` 
is more effective than leaching by Ba in replacing aera NH,. Clay frac- 
tion’ of the soil fixed highest amount of NH,. 
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AGRO-ECONOMIC STUDY OF CROPPING PATTERN 


S. P. DHoNtbyaL* 
Agricultural College, Kanpur. 


"INTRODUCTION 


Broadly speaking, the term-cropping pattern refers to the distribution of 
crops, crop - combinations ‘and. rotation programmes followed over a 
period on individual farm units or on the aggregate area of a village, district, 
State or the country as a whole. The type of cropping pattern followed 
by a cultivator is not the result of his whims or fancy, but is the outcome of 
his long experience and is adapted to the economic opportunities of that area. 
In many instances personal preference, traditions and social considerations 
- affect the cropping patterns of individuals. | 


As we view the over-all picture of the cropping pattern in India, we 
find that great variations in climate, rainfall, soil and topography have provi- 
ded the country with almost every kind of food and agricultural raw produce. 
The geographical distribution of cropsin India may, in a general way, be 
described as wheat in the northern region, ricé in the eastern part, fruits in 
the Western Himalayas, tea in the eastern Himalayas, and millets in the 
southern region. | um 


No: doubt, natural factors like soil and climate specify the range of- 
crops which can be grown in a locality, but economic and technical factors 
are extremely important. Irrigation facilities, cost of production per acre, 
seasonal distribution of labour, capital needs, accessibility to market, personal 
preferences of the cultivators, introduction of new crops and high yielding 
varieties, problems of soil conservation and drainage, enterprise relationships 
and livestock systems together with the relative prices for different crops, are 
factors which help to determine which crops or cropping pattern on indivi- 
dual farm units or groups of farms will be most profitable. 


Oxyzcts AND SCOPE OF THE STUDY 


The main purpose of the present inquiry is to ascertain the changes in 
cropping at a macro-level and work out the economics of cropping patterns 
at the micro or individual farm level for different size holdings. 


— 
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Macro-Level change in Cropping Pattern : 


From the standpoint of agricultural production in India, the cultivated 


area was increased from 2,98,618 thousand acres, the annual average of the 


three years 1949-50 to 1951-52 to 3,43,426 thousand acres for the annual 
average ofthe three years 1958-59 to 1960-61. With the increase in the 
cultivated area, there hás been a slight change in the cropping pattern as 
will be seen from the following table 1. 


TABLE 1 


` Percentage distribution of the cultioated. area under different crops 
and the yield per acre.* | 








Average yield 
in Ibs 1958-59. 





% distribution 
Difference 





1951-52 1960-61 E 
Rie | — (| 25,15, 24.03 TL «850 
| Jowar ` | 148.25. | A231. 0.94 | 455 
Bajra 8.55 US $04 |. =0.51 282 
Barley - 2.62 2.38 | — -034 — 737 
Wheat 8.06 . 9.26 . +1.20 . 715 
Cotton - E 4,96 — 5.60 +0.64 AE 
Groundnut 4.00: 4.86 ` +0.36 en 
Gram 6.30 | ` 716 +0.86 565 


Other crops 2111 26.86 |» —0.25 


The change in relative proportions of crops indicates that some change 
is perceptible in the cropping pattern in the direction of an increase in area 


P 


of those crops which. give relatively high yield për acre excepting in the 


case of rice. The area of rice increased from 75,106 thousand acres to 
82, 534 thousand acres during the period under review even though it showed a 
decrease percentagewise, 


* Source—Ind. Jour. of Agri. Eco. Vol, XII, No. 1 (1962). 
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TABLE 2 


! 


Percentage distribution of the cropped area by different crops and: crops yield 
" per acre in U.P.* =.. 





` Average yield 


Percentage distribution ‘ 
Difference per acre in 





SERE r) : | Mds. 1958-59 
1951-52 1960-61. | — to 1960-61 
Rice j 20.00 19:90 - 0.10 7.27 
Jowar : 4.88 ^ 425 ^ — 0.63 6.85 
Bajra C|. 542 Jo 5.8 0.24 5.39 
Maize 4.32 (s 8.01 ` 40.69 7.63 - 
Wheat _ 17.21 18.73 . 1.52 9.59 — 
Barley, | 0.1 -| ^ 8.78 -1.33 9.02 ' 
Gram | 12.66 | 12.14 uo. 6.99 
Sugarcane — | 5.26. 6.39 |. 4106. |^ 349.24 
- Cotton E 0.22 0.30 d 40.08 ` - 1,31 
Other crops 19.92 19.39 0.53 


4 


.There has been some change in the cropping pattern in U. P. where 
the percentage distribution of total cultivated areas has increased under 
sugarcane, maize, wheat and cotton and decreased under gram, rice, jowar, 
bajra and barley. The change is not related to any cropping system based on 
per acre yields but to the relative net incomes from different crops. The area 
under sugarcane cultivation has considerably increased from 25.04 lakh 
acres in 1951-52 to 32°83 acres in 1960-61, because of the profitable production 

of the crop as the result of a guaranteed minimum price fixed by the Govern- 
ment. | 


With the expansion. of irrigation facilities and technical knowledge, the 
intensity of cropping is increasing in as much as the ‘area sown more than 
‘once has increased from 90:18 -lakh acres, in: 1950-51 to 110:28 lakh acres. 
in 1960-61. | 


Micro or farm Management Level : 


i 


, (1) Cost Accounting METHOD 


Case Study Farms—The economics of cropping pattern was worked out 
on four cultivators' holdings on the basis of data collected by the Agricultural 
Economics Section of this College through cost ore method. The 


* U. P. Agric. Statis. Bulletin. 
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figures presented give someidea ofthe influence of urbanizatiop on the 
characteristics of cropping patterns. | 


“ 


Farm No. |I 


The study is related to one tultivator’s holding in the village Vinayakpur 
situated at a distance of 14 miles from Kanpur city. The area of the hol- ` 
ding is 6:5 acres. The number of family workers are 3. The percentage of 
area under irrigation is 41, | 


Owing to the proximity to the city, the cropping pattern is in line 
with specialization in vegetable raising with a high degree of intensity of 
cropping, being 192.54% for the year 1960-61 (Table 3, p. 5). 


TABLE 4 


Percentage Distribution of Crops sown 





sx 









ue Cereals 33.04 34.77 
9 | vegetable 44.38 . 47.56 
3. | Pulses 8.94 7.68 
4. | Millets 6.87 2.50 
5. | Fodder 
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The cultivator has, organised his cropping. plan to increase the produc- 
tion of high profitable crops, Location, transportation and accessibility 
to market gave him an advantage over any other area for piooucing 
‘vegetables. 


The following figures give the financial position of his farm business. 
TABLE 9 


Per acre (in rupees) 












Sl. Years 
No.| - Particulars 

1959-60 ` "1960-61 
1. | Capital investment. -243.18, ` 
2. Net farm income 196.29 
d. Family labour income 227.75 






Farm business income 


í 


The farm economy is representing a cropping pattern in which about 
half of the area is under vegetables, thereby giving an average net farm in- 
come of Rs. 183.00 per acre. 


Farm Nos. 2, 3 AND 4 


The study is related to the three farms of the village, Bairi Akbarpur, 
situated. at a distance of about three and a half miles from Kanpur city. 
The percentage of irrigated area is 16:5% only. The size of holdings of the 
farmers Nos. 1, 2 and 3 is 10.51, 8.82 and 7.24 acres respectively with 
respective numbers of actual family workers converted into adults as 3, 3 
and 2.  - s 


Due to the absence of proper irrigation facilities, the intensity of 
cropping, on an average, is about 112% only. The crop land is mostly kept 
fallow during the kharif season partly because about 30% of the land called. 
*Kachhar' is submerged under water "end the rainy season and this also 
added to Ene the cropping intensity. 
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| - | TABLE 7 | 
* Parcentage Distribution of Crops Sown 2 


` Percentage to total area 











— 


Sl. |. Dos fau ct hae E 

AE eS es Farm No. 1 | Farm No. 2 E Farm No. 3 

Locas o 727] o9 | o^ sm |. A 

2 A E. 21:48 0: | Js 19.15 7. ' 26.88. | 

3..|. Vegetable — PS nr queo t | FW a 7.96 . 

40 | Mies 00000 0.7 2844 s deg5.- ] 15.24 "- 

5 Fodder E MN E pc E e 7.12 | l 

6 Others |. a Er O. A A a 
h ee © f 100.00. | ^ 100.005 — 100.00 > 


$ 





"The cropping . pattern of the above farms is characterised by a large | 
percentage of the area under cereals, In the absence of adequate irrigation 
facilities, the farmers of the farm Nos. 1 and 2 were.handicapped in the 


- . » production of vegetable as an important cash crop inspite -of the fact that: 


the facility of transportation ` . did’ exist as | did: the “accessibility to the. ci 
market. 


* * 
2 ‘ 4 , Li 
4 A : r + 2 


phe: financial returns. are compu: as below: — 


"PS" . TAnrE 8 










i , 


“Particular |  FarmNo. 1 Farm No. 3 


1. |. Capital investment ^ |. + -131.76 


187.98 |. 143.55 
2. |; Net farm income ,- E UP 83.93 ^. 66.20 + 147.61 . 
| 3. ; Family labour income Z5 |... 96.39 ` 191.57. _ 152.92 
4 $ - P r 


l Farm Business income 


-The calculations of economic returns show that the net jn incomes ^. 
for the . three farms were Rs..83:23, Rs. 66:20 and Rs. 147:61 respectively. ` 
"Ihe net income on the Farm No. 3 is relatively high because of about 7:595 
of its area is under vegetable crops. The family. about and: farm business . 
incomes on this farm are not ‘proportionately high because of the limited . 

| number- offamily workers and hence more use of hired labour. Using the 
farm No. 3 data, we can analyse that ‘irrigation is. an: poran factor 
determiningXhe cropping PUR in the iocur 
E» PF. : 
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-(2) SURVEY METHOD. 


The following T was devoted. to 50 cultivators’ holdings selected - 
randomly i in the villages of the’ Hapur. Extension Block, District Meerut, U.P. 
ES during the year 1960-61. DOE | 

| Sugarcane and wheat are the. main crops of the area around which 
‘crop rotations are built.. The’ major rotations of the area arei 

Cotton- -Methi-Sugarcane ; ‘fallow wheat-sugarcane, Maize-Wheat-+ gram; 
Paddy-pea, and i DE “sugarcane. ‘The percentage of irrigated area was 
69% in. 1960- 61. P T 


eo Taste 9 : 
E intensily of sobbing | on the cultivated holdings 








Size groups 2 > - Intensity of cropping 
aes E E 
| 5 to 10 acres e d Ec M l a EN Ñ 148.04 i IM 
10 to 15 e DI D D LM S 20: 5MI.66 
DU Se fa ye ae M 
30 and above = 186,92 
vene Tu : d ZU Us I 49.44 





The intensity of cropping increased with the decrease in the.size of the 
holding because of more intensive use of land and labour on - small holdings. 
This area was once well. noted for its well rounded wheat-cotton-sugarcane 
rotation, but for the last 20 years cotton has largely been ‘replaced by sugar- 
cane as an important crop in the rotation programme because of its higher 
financial returns as a result of price fixation by the Government. 


Tasu 10. JE 
Piceni Distribution of area ae piracy, Crops. ee 








Size: groups in acres | Sugarcane 

| Below 5 
510" 

` 10—15 
20—30 
Ss and above ` 


Hs : - AGRA UNIVERSITY JOURNAL OF RESEARCH : Tole XI ? 
- The nature of cropping pattern: ‘shows’ that the sugarcane CA 
more important on small holdings below 5 acres and on larger holdings -above 
20 acres... Wheat is -another important ` crop which has relatively higher 
, percentage of - acreage. on holdings about 30 acres. Cotton has. a higher 
percentage on holdings between 15.and 20 acres, but cultivators of all the - 
Se holdings operate relatively smaller. . acreage. because. of its | lower value per. 
, acre. AW 


H 


The Bode presented. below" give some idea. of the financial teturi E 
obtained from the two inost important. crops of the - area around which main | 


Lau rotations, have been established, "s 


¿2 Crops. Size groups | 


4, a "T 


TON - 
> å E 
` ; M E . ? . . 
"E . ` 
RAS E z v - 
> n 
z^ ` t ^ E E . E 
- ` . ee y j E . - 
- 3 . v M 


s UNUM dg -Gist and Returns per, Aat y 






i 
Ooo o dn acres... | Total input |. - 


S 


Cost of pro: ` 
.| duction per. 
mound in. 

E Rs . n | 





Sud. Sugarcane Below 5 . 7| 7. 400 7| 894 | 2568. |. 7168 | 102^ 
(S490 7 ed 347. | sy 4og 7 |. 8:8 ^| 2901. 086 ^ 


10" to 15 zd E PR UE E qo me qo 0m 6: 


2x M59 30 (1| ame s7|. am. [ ose po mmo 0765 
c. 89130 | 255.- |^ *:988: 521 |- . 266. f- .0.70 


(ow s BO amd above | 247 | 307 | 493 2| o 28 | L8 i 
| Average: ^| : 914 (7 887 |. 557 |. 243 .| 0.81 
120 Wheat So | | | C 


. 295 ||. —10 13.54 - 


x 


“Below 5 | -.265; | 18.5 


co. o|^o 22 7| axs | 5399 —8 | 1479 
Sa e 210-15 | . 169 "| azn — 290 (85 7 179 
| 15.20 z 162e |: 11,8 loa s | 58 |: 13.06 " 
| “20-890 LP deis a o dit 209 | 855 | 12.29 
'30 and above | * 196 ^| “11.0 194 . 98 | 10.51 |. 
Ed - 200: E" 223 loca - nog 





JVote : The cost of production per maund of wheat was arrived at in : 
Proportion to the relative incomes obtained for wheat grains and bhusa.. 


The cost of cultivation per acre of sugarcane decreased in general. vid 
an increase in the sizé of holding, being Rs. 400/- on -holding below 5. 
and Rs. 28 - an holdings 30 acres: aad: aboye: The net profit pe 





KE 


_ 
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was highest on holdings between 10 and 15 acres. The cost of production 
per maund was lowest on holdings between 20 and 30-acres. In the case of 
wheat the cost of cultivation and net profit peracre showed the same tend- 
ency as in the case of sugarcane. The cost of production per maünd was 
lowest on holdings 30 acres and above. 


~ 
- 


Technical Factors—The analysis detailed above relates to the cropping 
pattern as determined by natural and economic factors. There is another 
consideration namely, the technical factor which also contributes to the draw- 
ing up of a cropping programme for a farm. 


Better management practices and tillage methods, introduction of a new 
crop, use of high yielding crop varieties, effectiveness of insect and disease 
control and the like when tied together bring about. changes in cropping 
programme in term of the choice of crops and acreage under each crop and 
rotations to be followed. : 


One of the great revolutions. in agriculture has been the evolvement of 
high yielding varieties and introduction of new crops. Groundnut occupied 
a very small proportion in the crop rotation programme in U.P. till 1926 when 
its area was about 13,000 acres only, but gradually with the introduction of 
high yielding strains, tHe acreage under the crop went up to 4.78 lakhs in 
1959-60. The districts: of Etah, Bareilly, Badaun, Moradabad, Farrukhabad, 
Sitapur and Hardoi are noted for its important place in the cropping scheme 
of the cultivators who are adopting the AREN two year rotation of ground- 
nut +-arhar—sugarcane. 


A study of the economics: of groundriut cultvadom: was conducted on 
75 cultivators’ holdings in Hardoi district in 1960-61. The results are 
summarised as below :— 


TABLE 12 


- Gosis and ¡Returns per Acre | 











Cost of 


In Rupe 
udi production 

















" | 
l pum Pes in mds. Input Meu | Net Profit Au i 
RP. E, ae Bt E, JONG 
Sandyloem — | 
Unirrigated — 18.23 | 78.26 185.32 107.06 5.91 
Loam - e 
Unirrigated ` (12.42 102.01 173.88 | 71.87 8.21 
Irrigated —— | 12.72 | -121.35 178.08 | 56.73 9.54 
Average of all holdings] 12.79 | 106.11 .| 179.06 72.95 8.30 


' net DE of Rs. 36° 13 per acre. 


^ 105.32 - 
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COSTS AND RETURNS PER ACRE 
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NET PROFIT © 





78.26 de s 
. X n 
UMIRRIGATED y a MEA ES 
SANDY  DNRRKATED IRRIGATED "AVERAGE - | 
Loa, | Loam 


Sandy loam soil is best suited. to ‘groundnut cultivation giving a net 
; profit of Rs. 107.06 per acre as against the BAS loam Soil which gave 


wya 


- a3 


Nother a is of the progressive ope of. sugarcane : area 


in U.P. and other parts of India.. Sugarcane yields from the ‘old varieties - 


were very low and hence its area was very limited. But with the introduc- 


tion of new high yielding strains, sugarcane has occupied an important position | 
|. in the Cropping scheme all over India where soil and climatic factors. favour . 
'its.cultivation. Thus sugarcane-wheat-cotton. in the Punjab, sugarcane-wheat 


or paddy in U.P., sugarcane-paddy in Bihar, sugarcane-sugarcane (Ratoon)- 
wheat- or gram in Bombay. and sugarcane-paddy. in. Madras àre examples of 
sugarcane rotations affecting the da or plan of the farms, - 


Ew 


f 


La - 


i ; 
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In U.P. the recent dues of Moong T, a quick growing crop of 
about 63 days duration is tending to introduce a change in the cropping. 
system from fallow-wheat to Moong T,-wheat as a definite contribution.to: 
increased: productivity in the state and at iex same time maintaining the 
fertility status of the soil. 


SUMMARY AND CONCLUSIONS - 


The cropping pattern followed in different geographical regions of the 
country is the result of the long experience of the cultivators to devote 
their land, labour and capital to the production of those crops which are 
best suited to the natural factors namely, climate, topography and soil of 
the area. These factors determine the yield per acre and hence the cost of 
production per quintal, but they do not specify which crops, crop combina- 
tions and rotations are most profitable. Hence, economic factors affecting 
prices received by the cultivators for their produce would indicate the choice 
of crops best suited to the locality and the acreage to be: kept under each 
crop. Further, technical factors like the introduction of high yielding crop 
varieties and ‘adoption of better farm management practices also bear 
influence on the range of cropping pattern a te on individual farms. 


The studies made herein Raw that the bla producion was con- 
centrated in the Vinayakpur village, because of nearness to the Kanpur city as 
the consuming centre. The cultivators, on an average, earned Rs. 183-00 
as net income per acre. But proximity to the city is not the only considera- 
tion for market vegetables. Irrigation is a very important force in determin- 
ing the cropping pattern and levels of farm earnings. The difference in net 
income as between the holdings in the Beri Akbarpur village, which is also 
fairly near to the city, can be attributed to the irrigation facility available 
in the holding no.3 and the consequent adoption of vegetable growing on 
7:56% of its area. 


The studies in the Meerut district show that intensity of cropping 
increased with the decrease in the size of holdings. It was highest on the 
holdings below 5 acres. The acreage under sugarcane was also highest on small 
holdings below 5 acres. It was further noted that price was the most important 
factor influencing the acreage under sugarcane because of the guaranteed mini- 
mum price fixed by the Government. The soil and resources of the cultivators 
favoured the growth of both sugarcane and cotton but the relative prices and 
differences in cost made sugarcane cultivation more profitable. 


` In the technical field, the introduction of improved rotations, namely,. 
groundnut -+-arhar—sugarcane and moong T, —wheat in place of fallow-wheat 
has given more economic benefits to the Din within the framework of 


their resources. " ( 
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With the development of irrigation and transport facilities, greater use 
of fertilizers, and the rapid progress in scientific agriculture particularly in 
the direction of the evolvement of high yielding varieties, quick growing 
crop strains and farm management practices, the cropping pattern is bound to 
change more towards intensive farming as to give greater returns to the 
resources of the cultivators. ' 


| FLORAL MORPHOLOGY AND EMBRYOLOGY OF VERNONIA 
CINERASCENS, SCHULT. AND V. CINEREA, LESS. 


B. Tract AND SHEELA TAIMNI* | 
University of Jodhpur, Jodhpur, (India). 


Embryologically the Compositae presents certain interesting features. 
Besides some unclassified cases, a number of different types of embryo sacs are 
known in,the family. The haustorial synergids are frequently present and the 
. haustorial antipodals show variations in their number, in the number of nuclei 
in each cell and in the reported occurrence ofan “antipodal oosphere'. Apos- 
pory, parthenogenesis and polyembryony are known in a number of species. 
Nevertheless, the family shows remarkable uniformity in the development of 
the capitulum, florets, male gametophyte, embryo and seed. 


MATERIAL AND METHODS 


Flowering material of V. cinerascens was collected in 1959 during the rainy 
season- from the outskirts of Jodhpur city. It grows as a woody shrub, gener- 
ally protected by the clumps of a dendroid Euphorbia. Since viable seeds are 
not formed in this species; V. cinerea which commonly grows in waste places 
, was collected for the study of the fruit and seed. 


Before processing, the heads were cut vertically into two and the mature 
florets treated individually. The young heads were simply chopped at the top 
_and sides for an easy infiltration. The material was then fixed in F.A.A. and 
Acetic-alcohol. Dehydration, clearing and embedding were done by the xylol- 
paraffin method. Sections were cut at 10 to 15M thickness, depending on 
the age of the material. Haidenhain's Iron alum-Haematoxylin; . Safranin- 
Fastgreen and Gentian violet-Erythrosin were used for staining. | 


CAPITULUM 


The capitulum is surrounded by approximately five series of bracts, The 
two outermost whorls are each made up of three or four and the rest of five 
orsix bracts. On the peduncle and bracts there are thick walled peltate hairs 
(Fig. 10). NE 


The young capitulum develops a number of rounded protuberances (Fig. 
1) which gradually change into tubular florets (Figs. 2-4). Pappus is belated 
in development. The sequence being : petals, stamens, pappus and the gyno- 
ecium. "There are about fourteen florets in a capitulum of V. cinerescens (Fig. 4) 
and twentyseven in V. cinerea. 


* Present address : Lecturer, Department of Education, Govt. lr Udaipur, 
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THE FLORET 


The tubular floret is slightly curved and there is a collar like zone 
which is buried in the receptacle (Fig. 5). “The ovary-wall is about six layered 
thick in the middle. Outer surface of the ovary is clothed with biseriate hairs 
and unicellular glands (Fig. 9). On the top of the ovary there is a peripheral 
cushion shaped ring (Fig. 5) which bears two series of pappus, Serrulate-setose 
type of Small (1919), made up of columns of hairs. Later, its constituent 
hairs become thick walled and their free ends are drawn out into spiny pro- 
` cesses (Fig. 12). Pappus is hygroscopic and the cushion bearing it helps 
in its spreading out in dry air, thus, assisting in the take off of the achenes from 
the receptacle. | 


Pappus is very diverse in form in the Compositae and it has been classi- 
fied into a number of types (Small, 1919). Ramiah and Sayeeduddin (1958) 
observed thatin Tridax procumbens, the sepal primordia divide into numerous 
bits which develop into the plumose pappus. Small (1919) on the other hand, 
believes, that morphologically, pappus is trichome in nature. This has also 
been inferred on anatomical grounds (see Puri, 1951). 


The tubular corolla bears sparsely scattered multicellular glands on its 
outer surface (Figs. 5, 13). There are five epipetalous stamens, conforming to 
type 4 of Small (1919). The anthers simply cohere together into a tubular 
structure around the style. Their tips are drawn out into conical nonvascular 
sterile appendages. Bases of the anthers are also provided with rounded 
appendages or tails. These from the adjacent anthers unite to protect the 
nectary and also to save the pollen from wastage. Echinate pollen grains 
are arranged in one or two series in the anther lobes. | | 


At the base of the style, surrounding it, is a ring shaped nectary (Fig.5). 
Style is.feebly attached to the ovary in its middle and is cylindrical, bifur- 
cating in its upper region into stigmatic arms which remain appressed but 
spread out later forming the two stigmas. Whole of their inner surface develops 
glandular papillae (Figs. 4,5,14). This conforms to Style type one of Small 
(1919). Outer surface of the stigma develops upwardly projected spiny 
hairs (Figs. 5,11) for the collection and brushing up of the pollen grains out of 
the staminal tube. The florets show marked protandry. At the time of 
 anthesis, the stigmas remain in an adpressed state within the staminal tube. 


l The gynoecium is inferior, bicarpellary and unilocular. Its bicarpellary 
nature is revealed by the presence of two notches on the inner surface of the- 
ovary wall (Fig. 4) indicating lines of fusion of the"two carpels. 


An abscission layer casts off the corolla, stamens; nectary and the style 
. from the achene, 


\) 
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OvULE 


The ovule is anatropous, unitegmic and tenuinucellate (Figs. 6-8). Venka- 
teswarlu and Maheswari Devi (1956 b) observed in some ovaries of Tageles, 
two ovules which sometimes showed various degrees of fusion. Mestre (1957) 
also found in numerous ovaries of Ceniaurea collina two ovules, one of which 
however, aborts later. l 


| The funicular vascular bundle runs upto the  chalaza only (Figs. 6-8). 
Integumentary vascular bundles howe$er, are known in Tagetes, Flaveria 
(Venkateswarlu and Devi, 1955 b) and Tridax (Maheshwari and Roy, 1952). 


Nucellus degenerates and the innermost layer of the integument surround- 
ing the embryo sac forms a glandular endothelium of uninucleate cells (Fig. 
8). It exerts a powerful influence in the nutrition of the embryo sac. Ulti- 
mately however, itis simply absorbed along with the integument and some 
inner layers of the pericarp. Deshpande (1960, 1962) believes, however, that 
the endothelium is persistent and it stores starch, 


+ 


MICROSPOROGENESIS AND THE MALE GAMETOPHYTE 


There are four wall layers in the anther: epidermis, endothecium, middle 
layer and the tapetum (Fig. 15). The microspore mother cells are arranged 
in a single row, in each loculus (Fig. 16). Epidermis is persistent; endothe- 
cium develops meagre fibrous thickenings; the middle layer and the tapetum 
are absorbed (Fig. 18). One middle layer is usually present in many Compo- 
sitae and a fibrous endothecium also is ordinarily present. Venkateswarlu 
and Devi (1955 a, b) and Devi (1957) however, report absence of the fibrous 
thickenings in the endothecium. 


Tapetum is of glandular type. It is uninucleate at the time of differentia- 
tion of the microsporocytes (Fig. 15). Its activity, however, is at its optimum 
when the microsporocytes are preparing for meiotic divisions (Figs. 16, 17). 
Tapetal nuclei become spindle shaped and highly polyploid by successive 
divisions and fusions (Fig. 17). Two such giant nuclei are usually found in : 


a tapetal cell (cf. Davis, 1961 a). 


Microsporocytes secrete a mucilaginous substance around their | protop- 
lasts, inside the cell wall (Figs. 16, 19, 20). The nucleus divides meiotically 
giving rise to a tetrad of microspores (Figs. 19-21). Quadripartition of the 


` mother cells takes place by furrowing (Figs. 22, 23). The nucleus surrounded 


by dense cytoplasm is centrally located in the microspore and vacuoles appear 
at the periphery of its protoplast (Fig. 24). Soon afterwards however, the 
vacuoles disappear and the pollen develops the characteristic echinate ornamen- 
tation of the exine (Fig. 25). The protoplast of the two celled pollen gets 
drawn towards the four germ pores (Fig. 26). Vegetative nugeus is rounded. 
while the generative is rather flattened. At the time of if, oe grains ` 
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are three celled (Fig. 28). Exine possesses rounded germ pores and reticulá- 
tions bearing pointed processes (Fig. 27). Protoplast of the mature pollen 
grain reveals a peripheral region of finer and the inner of coarser. cytoplasm 
(Fig. 28). Intine usually protrudes at the germpores and it appears that the 
vegetative nucleus enters first in the pollen tube, followed by the crescent 
shaped male gametes (Fig. 28). Tri- and tetra-colporate, echinate and three 
celled pollen grains appear to bea common feature of the family. Banerji 
(1940 a, b), however, reported binucleate pollen grains in Tridax and uninu- 
cleate in Carthamus but these were found to be three celled as usual, by later 
workers. | 


.MEGASPOROGENESIS AND THE FAMALE GAMETOPHYTE 


There is a single hypodermal archesporial cell which directly functions 
as the megaspore mother cell (Figs. 6, 7, 29). It enlarges considerably and 
divides meiotically to give rise to a dyad (Fig. 30) and a linear tetrad of 
megaspores (Fig. 31). Maheshwari and Roy (1952) found two such tetrads 
arranged in a linear fashion. The chalazal megaspore functions and develops 
into the Polygonum type ofembryo sac (Figs. 36-39). Devi, (1957) found 
that in a few cases both the micropylar and the chalazal megaspores had 
developed into four nucleate embryo'sacs. Double and triple embryo sacs 
occur in Tagetes, probably due to the development of two and three megaspores 
respectively (Venkateswarlu and Devi, 1955 b). 


The oosphere differentiates rather early (Fig. 38). Pear shaped, hooked 
synergids (Fig. 40) become conspicuously large and haustorial (Fig. 41). The 
egg protrudes beyond the synergids into the cavity of the embryo sac (Fig. 40). 
Polars seem to pair in the middle of the embryo sac but the large secondary 
nucleus lies near the egg apparatus. 


Large haustorial synergids, often extending into the micropyle appear to 
be a common feature of the family. The synergids in Cotula australis, however, 
extend deeply into the micropyle and one persists until late in embryogeny as 
.a haustorium (Davis, 1962). According to her (1961 c) transformation of such 
a synergid into a micropylar haustorium has not been reported previously in 
the family. Antipodals also become pear shaped and haustorial, burrowing 
in the chalaza (Fig. 39). They may divide further to form a multicellular 
antipodal tissue consisting of uninucleate cells in Vernonia cinerascens (Figs. 40- 
43). In the Compositae, the antipodals show a number of many other interest- 
ing features. Mitra (1947). noted great variability in the antipodals regard- 
ing the number of its cells and nuclei. Martin and Smith (1955) observed two 
antipodals, one binucleate, the other uninucleate. Additional divisions may 
occur in them. Devi (1957) noted that the organization of antipodals takes 
place earlier than that of the egg apparatus. There. are two persistent antipo- 
dals, each with gwo to twelve nuclei. There are two, or three antipodals in 
Cotula ay On 1962). The number of nuclei may increase upto five 
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in each and these may fuse together. The three antipodals in Podolepis may 
undergo active division resulting into as many as fiftyone cells. Further, the 
antipodal region is haustorial and persists as a ‘vermiform appendix’ (Davis, 
1961 b). Three persistent uninucleate antipodals have been reported by Venka- 
teswarlu and Devi (1955 a) and Berger, Feeley and Witkus (1956). However, 
increase in the number of their nuclei is a common feature. In Eclipta erecta 
(Bhargava, 1935) there are three uninucleate antipodals or there may be two, 
one binucleate and. the other uninucleate. According to Banerji (1940 a) 
there are two or three normally binucleate but sometimes trinucleate antipodal 
cells in Tridax procumbens. Maheshwari and Roy (1952) confirmed the number 
of antipodals as two or three, being equally common. Later they become mul- 
tinucleate and frequently fuse to form a single nucleus with many nucleoli. 
Venkateswarlu and Devi (1955 b) report that in Helenieae, there are two to 
three antipodals but the number of nuclei in each cell in variable, one or two 
in Flaveria (cf. Misra, 1957); and one to six in Tagetes. 


Antipodals simulate the egg apparatus in Gillardia (Venkateswarlu and 
Devi, 1955 b); and Rudbeckia (Maheshwari and Srinivasan, 1944). An antipodal 
resembles the egg and is suggestive of an oosphere while the lateral antipodals 
simulate the synergids. The latter may degenerate soon after fertilization; 
“antipodal oosphere’ however, is persistent. Diettert (1938) mentions an 
interesting case in Artemisia tridentata; the innermost antipodal cell penetrates 
the chalazal.tissue and may even enter the ovarian chamber. 


Bisporic, Allium type of embryo sac also occurs in some florets of Vernonta 
- cinerascens. The micropylar dyad cell degenerates while the chalazal develops 
further (Figs. 32-33). Sometimes the micropylar dyad may divide by a 
vertical wall resulting in a triad (Fig. 34). The two megaspores degenerate 
while the chalazal dyad is functional. In a dyad, the chalazal cell developed 
into a two nucleate embryo sac while the micropylar is persisting (Fig. 35). 


Allium and Polygonum types of embryo sacs occur in Tridax trilobata 
(Hjelmqvist, 1951). Banerji (1940) and Maheshwari and Roy (1952) found 
however, only the latter type in Tridax procumbens. Avanzi (1948) reported bis- 
poric embryo sacin Ammobium alatum. The chalazal dyad develops further. 
The nucleus of the upper dyad cell, however, may undergo one division before 
degeneration. Harling (1951) noted bisporic development in five species of 
Chrysanthemum and also found pseudo-bisporic embryo sacs (see Maheshwari, 
S.C. 1955). Embryo sac is of Polygonum type in Leontodon hispidus but in many 
cases all the megaspore nuclei divide toform ‘a tetrasporic, Adoxa type of 
embryo sac (Bergman, 1935). Maheshwari and Haque (1949) found a tetra- 
sporic embryo sac in Chrysanthemum parthenium having variable number of nuclei 
and showing variability in the organization of the antipodal cells. Fritillaria 
type of embryo sac has been reported by Maheshwari and Srinivasan (1944); 
and Venkateswarlu and Devi (1955 b). Urbanska (1956) described aposporic 
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embryo sacs in Homogyne alpina. Embryo sac development is known to be of 
an aberrant type in some cases (see, Maheshwari, 1950). 


FERTILIZATION 


Entry of the pollen tube Ss porogamous. Double fertilization is a simul.. 
taneous process. Banerji (1940 b) noted in Carthamus that the integumentary 
cells lining the micropyle develop into long hairs which are directed towards 
the egg apparatus, probably facilitating the entry of the pollen tube into the 
embryo sac.. Synergids disintegrate but the remnants of one synergid and the 
pollen tube are persistent (Figs. 44, 45). Persistent pollen tubes have also 
been reported i in this family by Venkateswarlu and Devi ( 1955 a,b) and it 
possesses an apical pore in -Launaea pinnatifida. | 


ENDOSPERM 


Endosperm is cellular.; A number of cells accumulate before the division 
of the zygote. "The first divison of the primary endosperm nucleus is trans- 
verse resulting in a micropylar and a chalazal chamber (Fig. 44). Although 
endosperm develops in both; it isthe micropylar chamber where greater 
activity occurs and earlier too. The second division which is vertical and 
some more divisions also take place in the micropylar chamber; the chalazal 
remaining uninucleate in the meantime (Fig. 45). The endosperm cells are 
large, uninucleate and vacuolated (Fig. 46). Vacuoles, however, gradually 
disappear as the cytoplasm is filled densely with starchy food material. Desh- 

pande (1960, 1962) found that the endosperm cells in Caesulia and Tridax are 
ane cytoplasmic and highly vacuolated. Tt is in this condition that they 
are completely absorbed by the embryo. 


Endosperm in the Compositae is generally Cellular; when Nuclear it becomes 
Cellular rather early. Orientation of the first wall, when Cellular, is not 
constant. Dahlgren (1920) noted that this may be transverse, longitudinal or 
even oblique in a genus or even for aspecies. In Eclipta erecta (Bhargava, 
1935) the endosperm is Cellular and the first wall is transverse. Venka- 
teswarlu and Devi (1955 a) reported that the endosperm is Cellular in Launaea 
but in Helenieae (1955 b) it is Nuclear, Endosperm in Xanthisma appears 
to be Cellular ( Berger et al, 1956) and sometimes the division of the primary 
endosperm nucleus is delayed. They observed a spherical embryo in one 
case although the endosperm nucleus was still undivided. Similarly, Mitra 
-(1947) observed that the primary endosperm nucleus may remain inactive 
although the embryo becomes many celled. Endosperm is Cellular in Ageratum 
‘and Mikania but it is partly Cellular and partly Nuclear in Grangea maderaspatana.' 
It is Nuclear in Carthamus (Banerji, 1940 b). In Tridax, endosperm is Nuclear 
(Maheshwari and Roy, 1952) but wall formation takes place very early. Ina 
few cases, a proembryo existed along - with an undivided primary endosperm 
nucleus. Endogperm is Cellular in Cotula australis (Davis, 1962). One embryo 
sac contained Moenia and the primary endosperm nucleus. From this 
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the author infers that the embryo is not dependent on: the endosperm in its 
early life. 


EMBRYOGENY' 


Zygote elongates considerably and divides transversely into a terminal 
. cell, Ca, and a basal cell, C^ (Figs. 44, 45, 47). The former divides vertically - 
into two juxtaposed cells, q (Fig.48) and the latter divides transversely into 
two superposed cells, m, and Ct. Proembryo, therefore, becomes T-shaped. 
The cell, m, divides vertically (Figs.50, 51) and.Ci, transversely into two super- 
posed cells, n and n (Fig. 49). Sometimes the derivatives of q, and m, may beco- 
me precociously bicelled each (Fig. 50). An Asterad type of embryo is deve- 
loped in which q forms the quadrant, m divides vertically; n, becomes two 
celled; both O and f, the derivatives of n remain single celled (Fig. 51). The 
nuclei of the quadrant divide again resulting into oblique segments—the octant 
(Fig. 52). Out of the four segments of the quadrant, two may divide yielding 
an unusual octant consisting of six cells only (Fig. 53). At the preceding stage: 
also, a segment of the quadrant had remained undivided, thereby forming 
.a seven celled unusual octant region of the embryo (Fig. 52).. The m, and 
.ft, become four celled each and n may divide belatedly into O, and p (Fig. 53). 
Dermatogen differentiates in the segments of 4, and m; O and f remain ordi“ 
narily undivided but may divide transversely into two cells each (Fig. 54). 
Globular embryo (Fig. 55) becomes heart shaped (Fig. 56) and later dicotyle- 
donous (Fig. 57). Suspensor is derived from the cell, fp. It normally remains 
as an elongated attenuated cell (Fig. 55) or may become vesicular (Fig. 56). 
Suspensor disappears in the mature embryo. A graphic account of the embryo- 
 geny is as follows: 


Cà. 


pum q (Cotyledons, stem tip) 
Zygote l ^ | l 
A - (Hypocotyledonary region, root) 
Cl - - - Eu; A j , 
E H Root cap; root tip; dermatogen 


>= o [ of the root. 

ate (Suspensor) 
Bhargava (1935) noted that after the three celled falamentous embryo is 
formed the terminal cell divides by a vertical wall. By further divisions, the 
lower region of the embryo becomes globular and a dermatogen is marked out. 
Mitra (1947) reported three celled suspensor in Mikania'and Ageratum; five celled 
in Grangea. Maheshwari and Roy (1952) concluded that the embryogeny in 
Tridax follows the Lactuca sativa type. In one case, they found two embryos, one 
of them was the adventive embryo with a suspensor. Venkateswarlu and Devi 
(1955 a, b), and Devi (1957) described Asterad type, Senecio variation of 
embryogeny. From: the descriptions of Berger et al (1956) it appears that 
the embryogeny in Xanihisma is of the Asterad type.- Banerji (1940 b ) reported 
:Capsella type of embryo in’ Carthamus; suspensor is four. to 7 celled. Em- 
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bryogeny conforms to Asterad type in Cotula australis; dica; is two celled 
(Davis, xd 


SEED AND FRUIT 


In Vernonia cinerascens, seed formation has not been observed. Pericarp 
however, develops normally; the characteristic pappus is present. Seeds develop 
in V. cinerea (Fig. 57). Embryo is straight with a long hypocotyl and the two 
cotyledons remain adpressed together^ Between the cotyledons is an inconspi- 
cuous plumule. The massive integument is almost completely liquidated and 
absorbed by the endosperm which in turn itself is consumed by the embryo. 
Only a thin layer of the endosperm persists around the embryo (Fig. 57). Em- 
bryo therefore, enveloped by this thin endosperm lies protected in the pericarp. 
The pericarp does not show any anatomical differentiation. Its outermost layer, 
however, becomes thick walled while the inner elongated parenchymatous layers, 
including the endothelium are absorbed. Only its crushed remnants are left 
in close contact with the outermost layer of the pericarp (Fig. 57). 


4 


Anatomically pericarp is well differentiated in Galactites tomentosa (Four- 
ment and Rouzet, 1957). Maheshwari and Roy (1952) also showed some ana- 
tomical differentiation in the pericarp of Tridax. Closely adhering to the 
pericarp of Tridax is the testa, composed of elongated cells. 


Seeds of Compositae are usually described as nonendospermic by the 
systematists. Venkateswarlu and Devi (1955 a, b) and Devi (1957) also state 
that the seed is exalbuminous and the seed coat is completely crushed by the 
embryo except a thin membrane consisting of one or two outer layers of 
the integument. Deshpande (1960, 1962) believes that the seeds of Caesulia 
and Tridax are nonendospermic but it is the endothelium which persists, stores 
food and simulates the endosperm. Maheshwari and Srinivasan (1944) on 
the other hand, reported one or two layers of endosperm in Rudbeckia bicolor; 
and Tridax (Maheshwari and Roy, 1952). Fourment and Rouzet (1957) found 
in Galactites that the seed largely consists of two cotyledons with a compressed 
. almost non-existent endosperm. The embryo is enclosed in two layers of. 
endosperm in Cotula australis RUN p and one layer in Podolepis 
(Davis, 1961 b). 


' DISCUSSION 


Pappus: Small (1919) has emphasized that the pappus is trichome in 
its morphological nature. Nevertheless, there appears to be some uncertain- 
ty regarding the phyllome or trichome nature of the pappus. Ramiah and 
Sayeeduddin (1958) have shown that the pappus is derived from the sepal 
primordia in Tridax procumbens. Many other authors similarly regard the 
pappus as sepaline in nature (Banerji, 1940 a, b; 1942; Venkateswarlu and 
Devi, 1955 b ; Devi, 1957), One of the simplest and probably the most 
primitive eg epe is found in Vernonia. Itis justa bunch of hairs and 
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the free ends of the constituent trichomes are drawn' out as serrations. We 
are therefore, in agreement with Small (1919) and believe that the sepals have 
disappeared, once for ever in the Compositae. Other types of pappus seen 
within the family can be easily derived from this type by fusion and reduction. 


Ovary: Subramanyam (1951) believes that probably the ovary of the 
Compositae has been derived from the Stylidiaceae either by suppression of the 
septum or abortion of one of the loculus. In this connection, the occurrence 
of two ovules in some ovaries of Tagetes (Venkateswarlu and Devi, 1955 b) is 
significant. The ovules sometimes show various degrees of fusion. Mestre 
(1957) also found that numerous ovaries of Centaurea collina possess two ovules, 
one of which later aborts. The author suggests thatit is a vestigial feature. 
It may therefore, be surmised that the ancestors of the Compositae were 
having gynoecia with two ovules in probably two separate loculi. 


Endothelium: Deshpande (1960, 1962) mentions that it is the endothe- 
lium which stores the food material. It persists and simulates endosperm 
while the endosperm as such is Jacking. This would really be very interesting 
if it were true. :Nutritive and later protective functions of the endothelium 
are well known but as far as we are aware, a storage function has not been 
ascribed to it (see, Tiagi and Taimni, 1960). 


Endothectum: A fibrous endothecium is present as a rule in most of the 
angiosperms. Its presence, however, has consistently been denied for some 
members of the family (Venkateswarlu and Devi, 1955 a, b; Devi, 1957). The 
fibrous thickenings, however, are conspicuously present in the endothecium of 
Flaveria—a Helineae (Misra, 1957). 


Seed: Seeds of Compositae haye been described by systematists as non- 
endospermic. This is probably due to its meagre occurrence which is easily 
overlooked by them. A feeble endosperm undoubtedly exists in Vernonia 
cinerea Surrounding the straight embryo which fills the cavity of the ovary. 
Maheshwari and Srinivasan (1944) demonstrated endosperm consisting of one 
or two layers in Rudbeckia; and Tridax (Maheshwari and Roy, 1952). Fourment 
and Rouzet (1957) described a compressed almost non-existent endosperm in 
the seeds of Galacittes. 


In V. cinerea the integument is almost completely consumed by the 
endosperm. ‘The embryo therefore, enveloped in the thin endosperm lies 
naked in the pericarp. Further, we arg of the opinion that in some cases at least 


the endosperm has probably been mistaken for testa (cf. Venkateswarlu and 


Devi, 1955 a, b ; Devi, 1957) and the inner crushed layers of the pericarp 
for the integument (cf. Davis, 1961 b; 1962). 


SUMMARY 


Floral morphology and embryology of Vernonta cinerascens and V. cinerea, 
has been investigated. The florets are all tubular. 
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There are five epipetalous coherent apically ap pendaged and tailed 
anthers. Tapetumis of the glandular type with giant polyploid nuclei: 
Microsporocytes are arranged in a single row in each loculus. Quadripartition 
takes place by furrowing; mode of division is simultaneous. Microspores occur 
in tetrahedral tetrads. Pollen grains are echinate, tetracolporate and three 
celled. 


Ovule is anatropous, unitegmic and tenuinucellate. Funicular vellos 
bundle runs upto the chalaza only. Endothelium is present. The single 
hypodermal archesporial cell functions directly as the megaspore mother cell. 
Embryo sac is of the Polygonum type ; also Allium type in V. cinerascens. 
Synergids are enlongated, pearshaped, hooked and haustorial. Antipodals 
may form a multicellular tissue consisting of uninucleate cells. Fertilization is 
porogamous. Pollen tube is persistent. Double fertilization is simultaneous. 
Endosperm is Cellular. Endosperm haustoria are absent. Embryo is of the 
Asterad type. Straight dicotyledonous embryo enveloped in a thin layer of 
endosperm, lies naked without 'a testa, in the ovarian cavity. Seeds are not 
set in V. cinerascens. 


i GEN OWEEDGEMENTS 


We are ‘thankful to Dr. S. P. Kaushik, formerly Principal, Jaswant 
College, Jodhpur for encouragement. The Senior author is also grateful to 
Prof. P. Maheshwari and Prof. C. V. Subramanian, for inspiration and 
encouragement. 


LITERATURE CITED 


1l. *Avanzi, M.G. 1948, Osservazioni cito-embriologiche su Ammobium alatum, R.Br. (Aster- 
l aceae), Caryologia, 1: 83-91. | 
2. Banerji, I. 1940 a. A contribution to the life history of Tridax procumbens, Linn. J. Bombay 
nat. Hist, Soc. 42 : 89-99. 
3. Banerji, I. 1940 b. A contribution to the morphology and gai of Carthamus tinclorius, 
| Proc. nat. Inst. Sci. India, 6: 73-86. 
4. Banerji, I. 1942. A contribution to the life history of Blumea laciniata, Toss... Indian bot. 
! Soc. 21 : 295-307. 
5, Berger, C.A., Feeley, E.J. & Witkus, E.R. The cytology of Xanthisma texanum, D.C. IV. 
Megaros and embryo sac formation, pollen mitosis and embryo for: 
mation. Bull. Torrey bot. CL, 83 : 428-434. 
'6. *Bergman, B. 1935. Zytologische Studien uber die Fortpflanzung bei den. Gattenen 
Leontodon und Puris., Svensk. Bot. Tidskr. 29 : 155-301. 
7. Bhargava, H.R. 1935. Cotributión to the embryology of Eclipta erecta, Linn. Proc. Indian 
Acad. Sci., B 1 : 325-336, 
B. Dahlgren, K.V.O. 1920. Zur Embryologie der Kompositen mit besonderer Berucksicht 
ingung der Endospermbildung. Z. Bot. 12 : 481-516. 
9. Davis, Gwenda L. 1961 a. The life history of Podolepis jaceoides (Sims) Voss. I. Microspo- 
rogenesis and male gametophyte. Phytomorphology 11: 86-97. E 
10. Davis Gwenda L. 1961 b. The life history of Podolspis jaceoides (Sims) Voss. II. Ms 
genesis, female gametophyte and embryogeny. Phytomorphology 11: 206-219, 
11. Davis, Gwenda L. 1961 c. The occurrence of synergid haustoria in Cotula, australis, (Less), 
Hook, f. (Compositae), Austr. J. Sci. 24: 296. , 


May, 1963] B. TIAGI t al on Floral M orphology €? Embryology of Vernonia cinerascens 133 


12. Davis, Gwenda L. 1962. Embryological studies in the Compositae. I. Sporogencsis, gameto- 
genesis and embryogeny in Cotula australis (Less) Hook. f. Austr. J. Bot, 10: 1-12. 
13. Deshpande, P. K. 1960. Morphology of the endosperm in Caesulia axillaris Roxb. Curr. Sci. 
29 :56-57. 
14. Deshpande, P. K. 1962. A reinvestigation of endosperm in Tridax procumbens, L. Curr. Sci. 
l 31: 113-114. 
15. Devi, H. Mabeshwari, 1957. Embryological Studies in Compositae. IIT. Gerbera jamesonii. 
Bolus. Proc, Indain Acad. Sci, 46: 68-74. 
16. *Diettert, R.A. 1938. The morphology of Arlemisia tridentata Nutt. Lloydia, 1: 3-74. 
17. *Harling, G. 1951. Embryological studies in the Compositae. II. Anthemideae-Cbrys- 
antheminae., Acta, Hort. Berg. 16: 1-56. 
18. Hjelmqvist, H. 1951. The embryo sac of Tridax trilobata. Bot. Not. 180-187. 
19. Maheshwari, P: An Introduction to the Embryology of Angiosperms. New York. 
20. Maheshwari. P. & Srinivasan, A.R. 1944. A contribution to the embryology of Rudbeckia 
. bicolor Nutt. New Phyto., 43: 135-142. 
21. Maheshwari, P. & Haque, A. 1949. The embryo sac of Chrysanthemum parthenium, New 
Phyto. 48: 255-258. 
22. Maheshwari, P. & Roy, S. K. 1952, The embryo sac and embryo of Tridax procumbens L. 
Phytomorphology, 2: 245-252. 
23, Maheshwari, S.C. 1955. The occurrence of bisporic embryo sacs in angiosperms—a critical 
review. Phytomorphology, 5: 67-93. 
24. Martin, R. W. & Smith, F. H. 1955. Megagametophyte developmentin Chrpsanthemun 
leucanthemum. L. Bot. Gaz. 116 : 243-249. | 
25. *Mestre, J. C. 1957. (The presence of two ovules in the ovary of some Cynereae). Bull. 
Soc. Bot. France, 104 : 37-40. 
26. Misra, S. 1957. Floral morphology of the family Compositae. I. The flower and the gameto- ` 
phytes of Flaveria repanda, Lag. J. Indian bot. Soc. 36: 509-512. 
27.' Mitra, J. 1947. Acontribution to the embryology of some Compositae., J. Indian bot. 
Soc. 26 :105-123. 
28. Puri, V. 1951. The role of floral anatomy in the solution of morphological proble 
Bot. Rev. 17: 471-553, 
29. Ramiah, N. € Sayeeduddin, M. 1958. Homology of the pappus in the light of trichome 
distribution, Curr. Sci. 27 : 402-404. B 
30. Small, J. 1919. The origin and development of cia New Phyto, Reprint No. 11 
London. 
31. Subramanyam, K. 1951. On the probable origin of the unilocular ovary of the Gom- 
positae from the Stylidiaceae., Proc. Indian Acad. Sci. 33 : 327-330. 
32. Tiagi, B. & Taimni, S. 1960.. Embryo sac development in Vernonia cinerascens and seed 
development in V. cinerea. Curr. Sci. 29:406. 
33. *Urbanska, K. 1956. Studies in the biology of reproduction and embryology of Homogyns 
albina, (L.) Gass.. Acta. Soc. Bot. Poloniae. 25;733-751. 
34, Venkateswarlu, J. & Devi, H. Maheshwari, 1955 a. Embryological studies in the Com- 
positae, I. Launaea pinnatifida, Cass. Proc. Indian Acad. Sci. 41 : 38-46.. 
35. "Venkateswarlu, J. & Devi, H. Maheshwari, 1955 b. Embryological Studies in the Compo- 


sitae. 11, Helenieae. Proc. Nat. Inst. Sci. 21 B:149-161. 





* Not seen in original, 


134 AGRA UNIVERSITY JOURNAL OF RESEARCH [Vol. XII 





May, 1963] B. TIAGI «i al on Floral Morphology & Embryology of Vernonia cinerascens 135 


Figs. 1-28. Vernonia cineroscens. Fig. 1. L. s. capitulum, floral primordia. Fig, 2. L. s. 
a young floret. Figs. 3,4. L.s & T.s. capitulum, florets. Fig. 5, L.s. a floret. Figs. 6-8. 
L. s. ovules. Fig. 9. a biseriate trichóme and a glandular hair. Fig. 10. a peltate hair. 
Fig. 11. stigmatic hair. Fig. 12. pappus, a part magnified. Fig. 13. a gland from corolla. 
Fig. 14. T.s. flower bud, corolla, six stamens and stigmas. Figs. 15-16. L.s. a part of 

.anther, wall layers and microsporocytes. Fig. 17. tapetal cells, tangential view. Fig. 
18. T.s. anther. Figs. 19-20. microsporocytes, dividing. Figs. 21-23. microspore tetrads. Figs. 
24,25. pollen grains, uninucleate. Fig. 26. same, bicelled. Fig.27. same, ornamen- 
tation of exine and a germ pore. Fig. 28. same, three celled. (g=gland; ne=nectary; 
no=notch in ovary wall; pa==pappus; r-:cushion shaped ring). 
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Figs. 29-57. (Figs. 29-43, Vernonia cinerascens; the rest of V. cinerea). Fig. 29. mega- 
spore mother cell, Fig. 30. dyad.- Fig. 31. tetrad,’ megaspores,. Figs. 32, 33. dyad, 
chalazal functional. Fig. 34, triad, megaspores degenerating; chalazal dyad functional. 
Figs. .35, dyad, lower cell binucleate. Fig. 36. embryo sac, two nucleate. Fig. 37. same, 
four ‘nucleate. Fig. 38, 39. same, cight nucleate. Fig. 40. same, initiation of anti- 
podal tissue, polars fusing, synergids hookéd. Fig. 41. same. antipodal tissue. Figs. 42-43. 
same, chalazal part, antipodal tissue. Fig. 44. embryo sac, micropylar aud chalazal 
chambers, former divided vertically; proembryo two celled. Fig.45. same, further division 
in endosperm; chalazal chamber uninucleate. Fig. 46. same; endosperm, globular 
embryo. Fig. 47. embryo, two celled. Fig. 48. same, vertical division in terminal 
cell. Fig. 49 same, basal cell divided into three cells. Fig.. 50. same, quadrant, m 
four colled. Fig. 51. same, quadrant, both m €Y n bicelled. Fig. 52. same, octant, ` 
oblique walls. ~Fig. 53. samie, octant, derivatives of basal cell adding to embryo, 4 

dividing. Fig. 54. same, dermatogen in q and m. Fig. 55. same, globular; suspensor 
tapering. Fig. 56. same, heart shaped; suspensor vesicular. Fig. 57. L.s, seed, straight 
embryo enveloped in meagre endosperm, enclosed in p -(end=endosperm, paz 
pappus, r=cushion shaped ring). | 


FLORA OF MEERUT COLLEGE CAMPUS* 


V. SINGH 
School of Plant Morphology, Meerut. 


The Meerut College campus occupying an area of about 100 acres, lies 
at 299 OJ’ N latitude and 77° 43’ E longitude, and has an elevation of 730 
feet above sea level. The soil is chiefly sandy loam, 


The average annual rainfall of Meerut is nearly 30 inches, the maxi- 
mum being in the months of July to September. The temperature shows 
great fluctuations in summer and winter. The minimum temperature goes 
down to 2° Cin cold frosty nights of January and the maximum rises up 
to 45°C in hot noons of June. Chills are common in winter dawns, while 
summer is characterised by strong hot winds. in noons. As a whole the 


~ 


climate i 18 arid. 


The wild herbaceous flora is at its zenith during the rainy season, 
because of high humidity and moderate temperature, both favourable for 
plant growth. With the first showers of the monsoon seeds of most of the 
herbaceous plants which remain dormant throughout the winter and summer 
germinate. These plants densely cover the whole area and start producing 
flowers towards the end of July. The flo wering is at its best in late August 
and early September. After producing flowers most of these plants disap- 
pear by November. Some of the annual herbs also appear in winters, but 
in Summers the vegetation 1s very scanty due to low humidity, high tempe- 
rature and hot winds which have severe effect on vegetation, | 


The habit of the plants varies, The herbaceous plants constitute the 
major bulk of the flora, and these grow as weeds under natural conditions, 
while most of the treesand shrubs are cultivated, Monocots are poorly 
represented forming only about 14% of the total number of species. Five 
dominant families of the area are Gramineae (36 species); Papilionaceae 
(26 species); Compositae (22 species); Euphorbiaceae (15 species) ; and Acan- 
thaceae (13 species). 


- A list of the plants, that have been found growing in Meerut College 
campus, is given below. Beside one species of Gymnosperms, 367 species 
of Angiosperms representing 284 genera from 91 families have been listed. 
The sequence of families and genera is the same as àádopted by Duthie in 
the Flora of the Upper Gangetic Plain. Hindi names of plants, where 
available, have also been given in brackets after botanical namés. Beside 
wild flora, cultivated trees, shrubs and well established perennial plants have 


* oS contribution No. 53 from the School of Plant Morphology, Meerut College, 
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also been included in this list An attempt has been made to bring the 
nomenclature up to date, only the valid name for each species being given. 


DriaoTvLEDONS 
Ranunculaceae 


Ranunculus sceleratus Linn. 
Clematis vitalba Linn. ; 


Magnoliaceae 
Michelia Champaca Linn. (Hindi Ghampa) - 


Anonaceae 
-~ — Polyalihea longifolia Benth, & Hk. f. (Hindi Asoki) E 
Anona squamosa Linn. (Hindi Sharifa) ` 
Artobotrys odoritissimus R. Br. | 


Menispermaceae 


Tinospora cordifolia Miers, (Hindi Gloe) 
Cocculus hirsutus (Linn.) Diels. (Hindi Hier) 
Cissampelos pareira Linn. (Hindi Purhe) 


Nymphaeaceae 
Nymphaea lotus in (Hindi e 


Papaveraceze. 
‘Argemone mexicana Linn. (Hindi Peeli-kateli) 
 Fumaria indica Pugsley 


Cruciferae 


Nasturtium montanum Wall. 
Coronopus didymus (Linn.) Sm. 


Canparidacenle, 

'  . Cleome viscosa Linn. 
Gynandropsis gynandra (Linn.) Briq. (Hindi Hulhul) 
Gapparis sepiaria Linn. (Hindi Taint) 


Flacourtiaceae 
Flacourtia indica (Burm.f.) Merr. (Hindi Kango) 


Caryophyllaceae 

Saponaria vaccaria Linn. 
Stellaria media Cyril. 
Arenaria serphyllifolia Linn. 
Spergula arvensis Linn. 
Polycarpaea corymbosa Lamk. 
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Portulacaceae 
Portulaca oleracea na: (Hindi Kulfa) 
Portulaca quadrifida Linn. 


Malvaceae 


Malva aii Lina. 
Malvastrum iricuspidatum A. Gray. 


Sida veronicaefolia Lamk. 

Sida rhombifolta Linn. 

Sida cordifolia Linn, 

Abutilon astaticum G. Don. (Hindi Kanghi) 
Malvaviscus arboreus Cav. 

Hibiscus mutabilis Linn. 

Hibiscus syriacus Linn. 

Hibiscus rosa-sinensis Linn. (Hindi Gudhal) 
Hibiscus schizopetalus Hook. f. 


Bouilstücene 
Salmalia malabarica (D.C.) Schult. & Endl. (Hindi Semal) 


Sterculiaceze 
Methanta futleyporensis Munro ex Mast. 
Melochia corchertfolta Linn. 
Dombeya spectabslis Bojer. 


Tiliaceae 
Triumfetta bartramia Linn. 
Corchorus capsularis Linn. 
Corchorus olitorius Linn. 
Cerchorus tridens Linn. 
Corchorus aestuans Linn. 


Malpighiaceae 
Hipiage benghalensis (Linn.) Kurz. (Hindi Madhavi-lata) 
Galphimia hirsuta Cav. 


Zygophyllaceae | 
Tribulus terrestris Linn. 


Oxalidaceae 
Oxalis corniculata Linn. (Hindi Khatibuti) 
, Oxalis latifolia H. B. & K. 
Oxalis martiana Zucc. 


Rutaceae 
Zanthoxylum alatum Roxb. (Hindi Tejbal) 


Murraya paniculata (Linn.) Jack. (Hindi Kamini) 
Murraya koenigii Spreng. (Hindi Mitha-neem) 
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Citrus medica Linn. (Hindi Nimbu) > 
Aegle marmelos Correa. (Hindi Bel) 


Meliaceae 
Azadirachta indica Juss. (Hindi Neem) 
Melia azedarach Linn. dd Bakain) 


Rhamnaceae | 
Kiz phus mauratiana Lamk. (Hindi Ber) 


Vitaceae 
Vitis vinifera ina. (Hindi Angur) 


Sapindaceae 
Dodonaea viscosa Jacq. (Hindi Vilayati mehndi). 


Anacardiaceae 
Mangifera indica Linn. (Hindi Am) 


Moringaceae 
Moringa oleifera Lamk. (Hindi Sanjna) 


Papilionaceae 


Crotalaria medicaginea Lamk. 
Melilotus indica All. 
Melilotus alba Desr. 
Trigonella polycerata Linn. (Hindi Chini) 
Trigonella corniculata Linn. 
Medicago - lupulina Linn. 
Medicago denticulata Willd. 
Trifolium resupinatum Linn. 
- Rhynchosia minima DC. 
Teramnus labialis Spreng. 
Psoralea corylifolia Linn. 
Sesbania sesban (Linn.) Merr. (Hindi Jait) 
Sesbania bispinosa (Jacq.) W. F. Wight (Hindi Jayanti) 
Tephrosia purpurea Pers. 
Indigofera linifolia Retz. 
Indigofera enneaphylla Linn. 
Indigofera tinctoria Linn. (Hindi Neel) 
. Vicia sativa Linn. 
Lathyrus aphaca Linn. 
Abrus precatorius Linn. Hindi Ratti, Chauntli) | 
Dalbergia sissoo Roxb. (Hindi Shisham) 
Aeschynomene indica Linn. (Hindi Sola) 
- Alysicarpus Hm DC. 
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Desmodium triflorum DC. 
Desmodium gangeticum DC. 
Wisteria floribunda DC. 


Caesalpinaceae | 
Cassia fistula Linn. (Hindi Amaltas) 
Cassia glauca. Lamk. | 
Cassia nodosa Buch-Ham. 
Cassia occidentalis Linn. (Hindi Kasaundi) 
Cassia obtusifolia Linn. 
Bauhinia purpurea Linn. 
Bauhinia variegata Linn. (Hindi Kachnar) 
Bauhinia acuminata Linn. 
Tamarindus indica Linn. (Hindi Imli) 
Caesalpinia pulcherrima Swartz. 
Delonix regia (Boj.) Raf. (Hindi Gulmohar) 


Mimosaceae , 
Dicrostachys cinera W. & A. 
Leucaena glauca Benth. 
Acacia nelotica (L.) Del. (Hindi Babul) 
Acacia catechu Willd. (Hindi Kher) 
Acacia auriculiformis A, Gum. 
Albizzia odoratissima Benth. (Hindi Siris) 
Pithecolobium dulce Benth. (Hindi Jungle-jalebi) 


Rosaceae 
Prunus persica Stokes (Hindi Aru) 
Prunus communis Huds. var. instita (Hindi Alucha) 
Rosa spp. (Hindi Gulab) - 


Combretaceae 
Terminalia arjuna Bedd. (Hindi Arjun) 
Quisqualts indica Linn. 


ME : 
Syzygium cumini (Linn.) Skeels (Hindi Jamun) 
Syzygium cumini (Linn.) Skeels var. ‘microcarpa Thawaites (Hindi Jamoa) 
Psidium guajava Linn. (Hindi Amrud) 
Eucalyptus citriodora Hook. 
Callistemon lanceolatus Sweet. 
` Myrtus communis Linn. 


Lythraceae 
Lawsonia inermis Tin: (Eie Mehndi) 
Lagerostroemia indica Linn, 
Lagerostroemia speciosa (Linn.) Pers, 
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Punicaceae 
Punica granatum Linn. (Hindi Anar) 


Onagraceae 
jussieua repens Linn. 


. Caricaceae 
Carica papaya Linn. (Hindi Papita) 


M 


Cucurbitaceae | l 
Trichosanthes cucurmerina Linn. (Hindi Jangli chachinda) 
- Coccinia. cordifolia (Linn.) cogn. (Hindi Kanduri): 
Melothria maderaspatana Cogn. (Hindi Gwal-kakri) 


Passifloraceae 
Passiflora sp. 


Ficoideae l 
Trianthema portulacastrum Linn. 
Trianthema decandra Linn. 
Gisekia pharnaceoides Linn. 
Cactaceae 
Opuntia dilleni Haw. (Hindi Nagphani) 
Pereskia aculeata Mill. 
Nopalea cochinallifera Salm-Dyck. 
Cereus schottii Engelm. 


Umbelliferae 
Centella asiatica (Linn.) Urban. (Hindi Brahmi-buti) 


| Araliaceae 
Aralia sp. 
Caprifoliaceae | 
Lonicera japonico Thunb. | 
Sambucus canadensis Linn. 
Rubiaceae 


Oldenlandia I Linn. a Daraan 
Gardenia latifolia Ait. 

Coffea benghalensis Roxb. 

Mussaenda luteola Delila 

Ixora coccinea Vahl. 

Paederia foetida Linn. 
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Compositae 
Vernonia cinera Less. 
Ageratum conyzoides Linn. 
Erigeron canadensis Linn. 
Blumea lacera DC. 
Gnaphalium indicum Linn. . 
Vicoa indica (Willd.) DC. 
Vicoa vestita Benth. 
Pulicaria angustifolia DC. 
Xanthium sirumarium Linn. (Hindi Chota-datura) 
Eclipta prostrata (Linn.) Linn. 
Bidens biternata (Lour.) Merr. & Sherff. 
. Tridax procumbens Lion. 
Artemisia scoparia Waldst & Kit. 
Emilia sonchifolia DC. 
Echinops echinatus Roxb. 
Cnicus arvensis Hoffm. 
Volutarella ramosa (Roxb.) Santapau 
Sonchus oleraceus Linn. | 
Sonchus arvensis Linn. 
Launaea nudicaulis Hook. f. 
Carthamus oxyacaniha Bieb. - 
Eupatorium sp. 


Primulaceae 
Anagallis arvenis Linn. 


Myrsinaceae 
Ardisia crenata Sims. 


Ebenaceae e 
Diospyros cordifolía Roxb. (Hindi Bistendu) 


Oleaceae 
Jasminum sambac Ait. (Hindi Motia, Mogra) 
Jasminum officinale Linn. (Hindi Chameli.) 
Jasminum undulatum Ker. 
Jasminum multiflorum (Burm. £) Andr. 
_Nyctanthes arbor-tristis Linn. (Hindi Harsingar) 


- Apocynaceae 
Carissa carandas Linn. (Hindi Karaunda) 
Alstonia scholaris R. Br. (Hindi Satian) 
Eravatamia coronaria Stapf. (Hindi Chandni) 
. Wrightia sp. 
Nerium indicum Mill. (Hindi Kaner) 
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Thevetia peruviana (Pers.) K. Schum. (Hindi Peeli Kaner) 

' Plumeria rubra Linn. forma acutifolia (Poir.) oe (Hindi Gul- 
achin) 
Beaumontia grandiflora Wall. 


Asclepiadaceae 
Calotropis procera R. Br. (Hindi Ak, Madar) 
Pergularia daemia (Forsk.) Chiov. | 
Leptadenia reticulata W. & A. 
Cryptostegia grandiflora R. Br. 
Asclepias curassavica Linn. 


Loganiaceae . ie 
Buddleia asiatica Lour. (Hindi Dudhia) 


Gentianaceae 
Eryihraza ramosissima Pers. 


Boraginaceze 


Cordia dichotoma Forst. f. (Hindi Lasora) 
Heliotropium eichwaldi Steud. ex. DC. i 
_ Heliotropium strigosum Willd. 07 s 


Convolvulaceae 


Cuscuta reflexa Roxb. (Hindi Amarbel) 
Evolvulus alsinoides Linn. 

Evolvulus nummularius Linn. 
Convolvulus pluricaulis Chois. 
Convolvulus arvensis Linn. 

Merremia dissecta Hallier. f. 

Ipomoea pestigridis Linn. 

Ipomoea carnea Jacq. (Hindi Huzbuck) 
Ipomoea cairica (Linn,) Sweet. (Hindi Isk-pencha) 
Argyreia speciosa Sweet. 


Solanaceae 


. Solanum nigrum Linn. (Hindi Makoi) 
Solanum xanthocarpum Schrad & Wendl.. (Hindi Kateli) 
Solanum torvum Sw. T 
Physalis minima Linn. (Hindi Jangli-rasbherry) : 
Withania somnifera Dunal (Hindi Asgandh) 
Datura innoxa Mill. (Hindi Dhatura) 
Nicotiana plumbaginifolia Viv. 
Cestrum nocturnum Linn. (Hindi Rat-ki-rani) 
Cestrum diurnum Linn. : 


a 
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Scrophulariaceae | 
Antirrhinum orontium Linn. 
Mazus japonicus (Thunb.) O. Kuntze 
Lindernia crustacea (Linn.) F. V. Mueller 
Linde rnia ciliata (Colsm.) Pennel 
Veronica anagallis Linn. 
Veronica agrestts Linn. 


Bignoniaceae | 


Bignonia venusta Ker. 
Bignonia ungus-catt Linn. 
Campsis grandiflora Loisel. 
Tecoma stans DC. 

` Facranda cuspidifolia Mart. 


. Acanthaceae 


Thunbergia grandiflora Roxb. 

Ruellia sp. — | 
Dipteracanthus prostratus (Poir.) Nees. 
Hemigraphis hirta 'T. Anders. 
Daedalacanthus nervasus T. Anders 

Barleria prinoitis Linn. (Hindi Kala-bansa) 
justicia quinqueangularis Koen. ex. Roxb. 
justicia diffusa Willd. 

justicia simplex D. Don. 


justicia gendarussa Burm. (Hindi Jagat-madan) 


Justicia secunda Vahl. 

Peristrophe bicalyculata Nees. 

Rungia pectinata (Linn.) Nees. 
Verbenaceae 


Lantana indica Roxb. (Hindi Ghanari) 
Phyla nodiflora (Linn.) Greene. 
Clerodendrum indicum (Linn.) Ktz. 
Clerodendron speciosum D’Ombrain. 
Stachytarpheta indica Vahl. 

Duranta repens Linn. 

Peirea volubilis Linn. 


Labiatae 


Ocimum sanctum Linn. (Hindi Tulsi) 


Leucas aspera Spreng. (Hindi Ghumma) 
Leucas cephalotes Spreng. 

Nepeta hindostana (Roth.) Haines 

Salvia plebia R. Br. 
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Nyctaginaceae - 
Boerhaavia diffusa Linn. 
Boerhaavia repanda Willd. 
Bougainvillea glabra Chois. 
\ Bougainvillea ipectabilis Willd. 


Amarataceae 


Digera muricata (Linn.) Mart.. 
Ámaranius spinosus Linn. 

Amaranius viridis Linn. 

Amarantus polygamus Linn. 

Aerva sanguinolenta (Linn.) ee 
Aerva lanata Juss. 

Aerva javanica (Burm. f.) Spreng. 
Achyranthes aspera Linn. (Hindi Chirchita) 
Pupalia lappacea Juss. 

Alternanthera sessilis R. Br. 
Alternanthera repens (Linn.) O. Kuntze. 
Gomphrena celostotdes Mart. 


Chenopodiaceae 
Chenopodium murale Linn. 
Chenopodium ambrosioides Linn. (Hindi Khad-bathua) 


Polygonaceae 
Polygonum plebejum R. Br. 
Polygonum glabrum. Wild. 
Rumex dentatus Linn. 
Rumex hastatus Don. 
Ántigonum leptopus Hook. 


Aristalochiaceae 


Aristalochia indica Linn. 


Lauraceae 


Cinnamomum sp. 


Proteaceae 


Grevillea robusta Cunn. 


Loranthaceae 
Dendrophthoe falcata (Linn. £.) Etting. (Hindi Banda) 


Santalaceae 


Santalum album Linn. (Hindi Chandan) 
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Euphorbiaceae 
Euphorbia nerifolia Linn. (Hindi Thor, Sehnur) 
Euphorbia hypericifolia Linn. 
Euphorbia hirta Linn. 
Euphorbia thymtfolia Linn. 
Euphorbia geniculata Ortg. 
Euphorbia pulcherrima Willd, 
Euphorbia tirucallii Linn, 
Phyllanthus niruri Linn. 
Croton bonplandianum Baill. 
Acalypha wilkesiana Muell. - 
Ricinus communis Linn. (Hindi Arand) 
Jatropha gossypifolia Linn. 
Manthot utillisima Pohl. 
Excoecaria bicolor Hassk. 
Codiaeum spp. 
Cannabinaceae 
Cannabis sativa Linn. (Hindi Bhang) 
Moraceae | 
Morus laevigata Wall. (Hindi Shatut) 
Morus alba Linn. (Hindi Tut) 
Sireblus asper Lour. (Hindi Kuchna) 
Ficus bengalensis Linn. (Hindi Bargad) 
Ficus religiosa Linn. (Hindi Peepal) 
Ficus. palmata Forsk. (Hindi Anjir) ` 
Ficus glomerata Roxb. (Hindi Gular) 
Ficus elastica Roxb. 
Ficus krishnae DC. 
Broussonetia papyrifera Vent. 
Urticaceae 
Pouzolzia pentandra Benn. 
Casuarinaceae 
Casuarina equisetifolia Forst. 
Ceratophyllaceae | 
Certatophyllum demersum Linn. 


GYMNOSPERMS 
Cupressaceae | 
Thuja orientalis Linn. (Hindi Morpankhi) 
MONOCOTYLEDONS 
Hydrocharitaceae E | 


Hydrilla verticillata Royle. 
Vallisneria spiralis Linn, 
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Cannaceae | 
Canna indica Linn. (Hindi Keli) 


Musaceae 
Musa paradisiaca Linn. (Hindi Kela) 
Ravenala madagascariensis Sonn. E 


. Amaryllidaceae 
Crinum latifolium Linn. 


Liliaceae 
Asphodelus tenuifolius Gav. (Hindi Jangli piazi) 


Pontederiaceae 
Eichhornia crassipes Solms. (Hindi Samunder sokh) 


Araceae 
Monstera deliciosa Liebm. : 
Colocasia antiquorum Schott. var. esculenta Schott. * 


Commelinaceae 
Commelina benghalensts Linn. 
Murdania nudiflorum (Linn.) Brenan. 
Cyanolis axillaris Schult. f. | 


Palmae 
Roystonea regia O. FE. Cook (Bottle palm) - 
Caryota urens Linn. (Fish-tail palm) | 
Livistona chinensis Br. | 


Pandanaceae 


Pandanus fascicularis Lamk. (Hindi Keora) 


Lemnaceae 
Spirodella polyrrhiza Schleid. 
Lemna paucicostata Hegelm. 


Potanogetonaceae 
Potamogeton crispus Linn. 


Agavaceae 
. Agave sp. 
Cyperaceae 
^ Cyperus difformis Linn. 
Cyperus iria Linn. 
Cyperus rotundus Linn. (Hindi Motha) 
Cyperus esculentus Linn. (Hindi Kaseru) 
Cyperus tegetum Roxb. | | 
Fimbristylis diphylla Vahl. 
. Bulbostylis barbata Kunth. 
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. Gramineae 

Dendrocalamus strictus Nees. (Hindi Bans) 

Poa annua Linn. 

Phragmites karka (Retz.) Trin. ex. Steud. (Hindi Bansi) 
Eragrostis poaeoides Beauv. 

Eragrostis pilosa (Linn.) Beauv. 

Eragrostis nigra Nees. 

Eleusine indica (Linn.) Gaertn. 

Dactyloctenium aegyptium (Linn.) P. Beauv. (Hindi Makra) 
‘Leptochloa filiformis Roem. & Sch. 

Sporobolus diander Beauv. 

Cynodon dactylon .(Linn.) Pers. (Hindi Dub) 

Polypogon monspelians Desf. 


Phalaris minor Retz. 
Perotis indica (Linn,) O. Ktze. 


Tragus biflorus (Roxb.) Schult. 

Digitaria sanguinalis (Linn.) Scop. 
Panicum trypheron Schult. (Hindi Mijhri) 
Echinochloa colonum (Linn.) Link. (Hindi Sawan) 
Paspalum scrobiculatum Linn. 

Paspalidium flavidum (Retz.) Camus. 

-Urochloa panicoides Beauv. 
Oplismenus burmanti (Retz.) P. Beauv. 

Brachiaria reptans (Linn.) Gard & Hubb. 
Brachiaria ramosa (Linn.) Stapf. 

Setaria palmifolia (Koenig.) Stapf. 

Setaria glauca (Linn.) P. Beauv. 

Setaria tomentosa (Roxb.) Kunth. 

Cenchrus ciliaris Linn. (Hindi Ansana) 

Cenchrus catharticus Del. 

Imperata cylindrica (Linn.) P. Beauv. 

Saccharum spontaneum Linn. (Hindi Kans) 
Erianthus munja (Roxb.) Jesweit (Hindi Munj) 
Apluda mutica Linn. (Hindi Bhanjuri) 

. Sorghum halepense (Linn.) Pers. (Hindi Banchari) 
Dichanthium annulatum (Forsk.) Stapf. (Hindi Bare-jargi) 
Bothriochloa pertusa (Willd.) A, Camus 7 
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EFFECT OF ANIONS ON THF SORPTION OF POTASH IN SOIL. 


A, N. PATHAK AND K.N. SHARMA 
Agricultural Chemistry Section, Govt. Agricultural College, Kanpur. 


The term ““Sorption” is employed in a restricted sense. It emplies merely 
that the process is one of obsorption, adsorption or both. In a broader sense, 
this process is deeply related to the cation exchange phenomenon responsible 
for K-fixation in different soils. 


Ayres (1941) observed that the sorption of potash and ammonium incre- 
ases with the increase. in degree of Ca-saturation and decreases with the 
decrease in concentration of the cations. In addition to this the sorption of 
K and N H; was much higher from SO--, than from the Cl- of these cations. 
Wiklander (1950) inferred that K” fixation was very low when clay was 
saturated with Ht, K+ or NH,+ but markedly high when saturated with Cat+ 
- and especially with Na. 


Wiegner (1931) pointed out that on the addition of symmetry quantities 
of KCl ard CH,GOOK to H-saturated bentonite, the fixation of K from 
CH,COOK was greater than from KCl. Joffe and Levine (1947) observed that 
when potassium acetate was added, 17.7 mg. K was fixed as compared to 
13.7 mg. K with KCl. Similar differences in the amount of K fixed with 
different potash salts have been recorded by De Turk, Wood and Bray (1943). 
They observed that the addition of K as phosphate results in greater fixation 
than as chloride. Joffe and Kolodny (1936) attributed greater fixation of K 
in the B horizon to a large number of phosphate complexes which act as 
agents of K-fixation, Sturgis and Moore (1939) also observed different 
E fixation with KCl and K, H PO,. 


Ayres and Hagihara (1953) observed that the ability of soils to retain 
K from KCl was very slight, from K,SO, considerable and from various forms 
of potassic phosphates marked. They observed that the losses of K from KCI 
by leaching were smaller when KCl was applied to the soil with (NH,); 
HPO, than when used alone. Mc. Intire, Shaw and Robinson (1953) summer- 
ized that recoveries of K from K,PO, and K,SO, were fairly uniform for 200 
lbs. annual inputs of K,O, but recoveries from 1000 Ibs. inputs as K,PO, were 
almost twice than those from the corresponding incorporation of K,SO,. 
Mehta and Shah (1956) reported that K-fixation with KCI and K,SO, was 
about equal and was less than with K H¿PO,. Karim and Malek (1957) made 
studies on East Pakistan soils under different conditions and concluded that 
clay loam, loam, silt loam and loamy sand fixed on an average 56.5%, 61.8%, 
69.1% and 55% respectively of added K as K,SO,, KCl, KNO, and K,CO, 
after 60: days. An excellent review. of the subject has recently been given by 
Agarwal (1960). 
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TABLE 1 


_ Potash-sorptton as affected by diferent antons 
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| (a) Normal cultivated Soil 
K Cl 1:504 | 1:168 | 42:82 || 1:276 | 1-213] 14-15 | 1-984 | 1:795 | 17-65 
K4SO, | 1:504 | 0:960 | 56:65 | 1:276 | L'019|. 29:39 | 1:984 | 1:257 | 4476 - 
K4PO, | 1:504 | 0:708.| 78:42 | 1:276 | 0-560 | 65:34 | 1:984 | 0:588 | 78:48: 
KERO, | 1:504 | 0:736 | 71:55 | 1:276 | 0-707 | 53:84 | 1:984 | 0-707 | 72-48 
KH, PO, | 1:504 | 1-198 | 40-83 | 1:276 | 0-781 | 48:05 | 1:984 | 0-859 | 64:92 
Control | Nil | 0-308| Nil | Ni | ons| Nil | Nil | ouei) Ni 
| us (b): Hydrogen saturated Soil 2 
KCl 1-504 | 0-871 | 50-80 | 1:276 | 1-168 | 25:79 | 1:984 | 1-512 | 32-72 
KaSO, | 1504| 0-722 | 60:71 | 1.276 | 0-960] 49:21 | 1:984 | 1-109 | 53-08 
K,PO, | 1504 | 0:589 | 69:55. 1-276 | 0:502 | 77-98 | 1-984 | 0-601 | 78-63 
KaHPO, | 1:504 | 1:068 | 37-70 | 1-276 | 0-826 | 52-59 |, 1:984 | 0-692 | 73-90 
KH,PO,| 15504 | 1:128.| 34:05 | 1:276 | 1:112 | 30:10 | 1-984] 0:886.| 64:17 
Control. | Nil | 0-131] Nat | Nil | 0:21] Ni | Ni | 0177| Ni 
| | | (e) Calcium saturated Soil PS 
Kc! | r504| 1-105 | 38:17 | 1:276 | 0-886 | 36:29 | 1:984 | 1:198 | 51:42 
K,SO, | 1:504 | 0-840 | 55:79 | 1:276 | 0-752 | :46°79 | 1:984 | 0-886 | 67-14 
KsPO, | 1:504| 0-426 | 83:92. 1:276 | 0-837 | 79:39 | 1-984 0581 | 34-83 
K,HPO, | 1:504 | 0:604 | 71:48 | 1-276 | 0-563 | 61:60 | 1:984 | 0-704| 71:28 
KH,PO, | 1:504 | 0-886 | 52:73 | 1:276 | 0:856'| 38:65 | 1:984 | 1-019 | 60:49 
Control | Nil | 0:175] Nil | Nil | 4-073.. Nil | Ni | 0:284| Nil 
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MATERIAL AND METHOD 


—_— 


Soil for the study was a normal cultivated soil taken from plot no. 193, 
students Instructional Farm, Govt. Agricultural College, Kanpur (U. P.). 
Hydrogen and calcium saturated soils were prepared by leaching. For study- 
ing K-Sorption different potassic salts like KCl, K,SO,, K4PO,, KH,PO, and 
K,HPO, were added equal to'1.5 times cation exchange capacity of the soil 
and dried continuously at 105°C for 6 hours. Potash retention was determined 
by leaching the soil with N.BaCl,. Similarly. Potash retention incombination 
with Ammophos and Potassium chloride and with superphosphate and 
potassium chloride in the ratio of 1:1, 1:2 and'2:1 was determined. 


-x 


Chemical analysis was done by the standard methods as given by Piper 
(1950). - | | i | 


l TABLE 2 


Phosphorus retention as affected by different potassic phosphate 
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(a) Normal cultivated Soil 
KPO, | 0:398 | 0-008 | 97-97 | 0-338 | O-0269 | 92:05 |- 0-525 |0-00809 |: 98-46 
K,HPO,| 0:597 | 0-0108 | 98-20 | 0:506 | 0-05507 93-05 | 0-788 |0-01758 | 97:78 
K H,PO,| 1:194 | 0-2617 | 78-09 | 1:018 | 0:4776 | 52-86 | 1:576 |0-63949 | 59°43 
| (b) Hydrogen saturated Soil | ' , 
KPO, | 0:398 | Nil 100 | 0-338 0-01079| 96°81 | 0.525 | Nil |: 100 
K¿HPO, | 0:597 | 0-0512 |. 91-42 | 0-506 |-0-1592 | 68:55 | 0-788 [0-0337 | 95:73 
K HPO, 1:194 | 0:2483 | 79:21 | 1:018 | 0-61251| 39-54 | 1-576 l0:74473 | 52:75 
(c) Calcium saturated Soil 
KsPO, | 0:398 | Nil 100 | 0:338 | 0-0081 | 97°58 | 0:525 | Nil 100 
~K,HPO, | 0:597 | Nil 100 | 0:506 | 0-0162 | 96-80 | 0-788 |0-004047| 99-48 
K H,PO, 1:194 | 0-1323 | 88:92 | 1-013 | 0-45601| 54-99 | 1:576 |0-57878 | 63:28 
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: pue nu E "Ciltinite Soil 
o HPOG+KÓN par | 1: 504; 1-049]. 50° 76| 1- 276 1124 
; (NH) HPOLFKCÍ. “eH | 8-008] 2: 400| 30:46 2: 552 2 370} 
(NE) HPO, KOL | El ri 504| 0: 841| .65: 90 i 276 UR -008| 30° 
:¿Superphospliate FRCL | d Erde 504 di 3| 30:92 4s 276} Y 257 
: Süperphosphate-]-KC1 1:2; 3: 008 2 704 ^20: sb 2^ 552| D 420 p 
a l Superphosphate FEGI, 2:1. 1:504 1: 332| 30 ‘ggl: ie 276 E 213). 


Control . sc x2 Nil, [0 0 ‘308 Ni. GN v ligi 
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“(Hs APO.+ KGL . E es i: 37 dr 16.17 276| i 064 
(NH) HPO, + KCI - | 3-608} .1; 11886 4l: 66 2 552 2:457 
- (NHga HPO, KOI - 2:1 | 1-504.0 i 930) 46: 88| 1:276 70:950| 
. Süperpliosphate-- KCL iia "1:50. 1:820 12:24| 1:276 1:241 àó: 
‘Superphosphate+ KOT B 2 T 2: 871| 8:10 24552 2537|, 
‘Superphosphate+ KOT, IER 504 br 168| 31° +06] 1-276 {+168 : 
ee) Cota v0 0s £C e Nil: | 0131 -Nil | Nil [om 
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7 ED BPO Et c da 1-504 I: -094| 38° 
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"(NH a. HPO4+KC1 ^ aah 1504 0-514 77:47 
© Saperphoiphaie-K CT ^d 1:504 1:362. 21-08 
, E Superphosphate-+KCI 1:2 3 008 2: -816| :12: 54 








2:552. 17527, 43-04 
1-276|-0:426) 72-32)" 1 
4-276 0-797| 47-97)" 1: 
2552) 2:32 107 
1-276| 1:048 23:5 
Nit:|'0-075| Nil- 





` Superphosphate + KČT. 2 T pe 504 il 302 25: 07 
`~ Control - EE te lent 0: me Nil 
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EXPERIMENTAL RESULT AND Discussion 


It is observed from the data in table 1 that potash as phosphates showed 
highest retention in the soil followed by as sulphate and as chloride which may 
be attributed to the sorption of SO¿— by soil colloidal material more’ strongly 
. held than Gl- but less strongly than PO,—. Stout ( 1940) and Dickman and Bray 
(1941) suggested the theory of phosphate-linkage which act as agents of K-fixation 
in the soil, Mattson and Wilklander (1940) found potash to fix more strongly 
^as SO,— than as Cl~. Calcium saturated soil showed greater sorption of K as. 
phosphate than the normal and hydrogen soils. This may be attributed to 
lesser adsorption energy of Ca than H as also observed by Ayres (1941). 


It is further observed that K,PO, fixed more phosphorus than K,HPO, 
or KH,PO, (Table 2), the values were still higher in H and Ca saturated soils 
than. in the normal. This may be attributed to the: precipitation of iron and ` 
aluminium-phosphates in hydrogen soil and calcium phosphate in the calcium ' 
soil. Ayres and Hagihara also observed a similar phenomenon. ' 


Data in table 3 indicate that phosphates are instrumental in the reten- - 
tion of K from KCl added to the soil which was highest with (NH,), HPO, 
and KCl 2:1 ratio. Calcium soils are more effective in K-fixation than 
hydrogen or normal soils. It can be inferred that superphosphate and KC} if’ 
applied in 1:1 or 2:1 ratio, the satisfactory release of K from the soil colloid is 
vigorous and shows no dis of superphosphate on the retention of K in the - 
soil. ` 


2 SUMMARY' 


Effect of different anions on potash fixing power of thesoil was studied 
in normal cultivated, hydrogen saturated and calcium Saturated soils. It was 
observed that potash as phosphates showed greater fixation than as SO-—, or 
Cl-. Among the different phosphates K,PO, showed highest fixation; simultane- 
onay there was fixation of PO, as well. 


Calcium saturated soil showed greater fixation as Ronse to H-satura- 
ted or normal soil. There was greater retention of K when applied as KCl in 


combination with ammophos than when applied as KCl alone. 
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ON THE EXPANSIONS OF HYPERGEOMETRIC FUNCTIONS 


R. C. PANDEY 
D. A. V. College, Kanpur. 


. J. L. Burchnall and T. W. Chaundy [2] in the year 1940 gave the 
various expansions of Appell’s hypergeometric ‘functions Fj, F4 Fand F, 
. They made use of the inverse pair of symbolic operators 


y > OPPGA 
MICA 


P (3-4) P (34-4) 
d EX e E SU 
M ,0- P0) P G8) ^ 


ay 
the results to functions of higher order (i. e., with more parameters) in two 


variables. In this paper I have tried to find the expansions of their type in 


hypergeometric functioas of three variables recently defined by Saran [4], 
which are as follows :— 


where 3 and 3' stand for A and e respectively. They also extended 
| x zu 


Fr (a, Gy, Ay) Bs, Bs; Ba ; Yu Ya Ya 3%)» 2) 


8 (o mint a MB MB n+p) myn p 
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CHE Vt 
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Fyy( Fas Og; Bi, Bs, By 5 Yas Yo Ya s Xs Py 2) 
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"The summation in the above triple series extends over all positive integral 


values of m, n and f from zero to dli 


Now, using the above operators it is easy to get the following types of 


" relations :— 


Fe (a; Ge, Cs; Bi, Bas By ; > Y1> Yao: Ya > 3) 2) 


me 1)=Vx, z (B) E (a, Br; Y1 5 €) Fa (aa Bs, 8; Ye Ys 3), jy 


F (a, By 5311 5%) Fa (aa, Bo Bi i Yas Ya 3), 2) 


(12) = Ax, z (B) X F K Gr» G3 "s Bis Bas By 3 Yo Ya Ys 5 4, I, a 


May, 1963] R. C. PANDEY on le Expansion id Functions ` ^ 161 


M Uy, NC: Bs Ba, B, ’ Y Yo Ya 5 > 45325 y 
2 3)= Va x,y (a) X | 
(OX FN ( [a], [a1]; as, Br, Ba; By 3 Yo Yas Ya 5%), dr 
En ( oy, Fay], a, B1, Ba, By 3 3 Tv Yay Ya 5 % id HE 
4) A, y (05) X | 
X Fp (21, 31, Og, By, Bas P 5 2 Tp Yo Ye 3%). 2). 


Fp (41, a4, 44, Bis Bo, Ba ; Y» Dra» [va] ; ) XJ» 2) 
(L9) —V, > (12) Fa (2, Pi; Bs ; Yi» Ys 5#, 3+2), d 
F; (a, Br e > Yv Y2 > x, 9+2) | 
(OSA, y AX 
| RE (a1, ay; oa Br, Ba, B. s > Y» Inl nl ; (5 Je 





III 


| imitate other relations can also be written for Saran' 8 functions including 
Lauricella’ s functions [3]. 
.2.' Now, we know from Burchnall and Chaundy I2] that 
| 1) - Ear a, b £6 M) 
(o = TA GEF B 
‘=(— y. cd F (at; n etr e 
c 
RA e E | | i 
d De cH the, t the Appell’s: . 
an “E E EI. 21 C anges párame er (a, id 2d e PES 8 
functions, into - MEE 
r (a, r)(a—r, m+n). 
(iii) iS =) => ae T RN | S | | 
- Also the operators Va 40) and A, 3 (h) can be written in the form 


F(a, b; ctr: : x) 


| of series [2] viz., 


2.1) Vy y M=E NIN 


rao AA 
| 20 (OS nC, n) 
E m (i) = z | 
COS Dy ETE TE AR 
(2.3) . | E (1, r)(k+r—1, r)(è +4, UP TN ? 
Type I | 


Now; it is easy to get by using ( (2. 1) in (1.1) that 
Pr (az, Gg, Ag; Br, Ba, Bi; > Yi» Yas Y3 3 m 2) 


* The parameters, within square brackets indicate the. presence of (a1, m)x (€; in 
the right hand sum ([4] page 77). 
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i 00 d 7 
E Bowne m 


' XF, (aa Ps; £i; Ya Yass £); . | | ‘ | QE V 
E E. L CANA (m@m) m 
m == =Q eet 0 iy a MB, r) (1, mom) * 
(a; n+p) (Ba D(BL D), yt, p 
(i, 2)(, oie un 
2.4 EA (a; r) (as, (Br, r) rro 
AR =0 (1,1) Qantas r) i 


00 XF (atr, Bitr; y er; x) Fa (aa +r, Bs; Beni Yas — 2) 
aid by using (2.2) in (1.2) that 


F (a4; £i Yi) x) F, (a, Ba, Bis Ya Ya 53), 2) 


x . 


E ( —8, r)(—9, r) . 
r=0 (l5; r)(—8i —8—8'4-1, r) 


XH (01 09, as By By f; Ya» Yas Ya3 2 J, s 
et 7 0x. IA 
mh, p=0 r=0 (1,1) (PB mnt], r) 
(24,. m) (a, n--f) (B1, mp (Bs, n) ok m n D a 
(1, TS n){1, Din, m) (Ye n) (Ya, p) ' 
9.5 =x r (a, r) (as, r) (Pis r) 
(6 ) Ea (ta 1) (Ye T) d 


gtr, Qs +, Q3 -]-T, By +, Ba, Bir; nin Ya, dá A (^5 zh 


X 


Type II l 
Again, from (2.1) and (1.3), we get | 
Fp (ti, 4, ag, Pss Ba, Bis Yao Yas Ys» X, Y, 2 
> pa 9, r)( —8^ Du 
f) (1, r) (a, r) 
x Fay ( [a1], [az], 93 Bis Bos Bas Yo Ya Yas % J 2 
(2. 6) _y (as, 7) (B3, 7) (Ba, ) (Ba 1) 
7=0 po (run (Ya) | | 
y lat], Lay, f]; a eee Bs "pit Bir; ~ 
GTE Ya Pr, Ya Er; X, P, 2s . 


£y X 


and from (2. n and (1.4) that ` 
Fy (Lord, for], das Ba, Ba Bus Yas Ya Yas 2 s 2) 
X 0 (€ 0CVvn) 
r=0 (lr) (—a,—-8—8'-+1,r) | 
XFy (a4, 01 € By, Ba Bis Yas Yas Yas 5 ) 2), 
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(2.7) E (y (ins 7) (Bis) Bon y, 7 yx 
+0 0 (br) n n) Cr» 7) : | 
— ius dy PY, Ge, cad Ba+7, RM s 
Type HD — | etn Yat Ya ET; 2, J, g. 
Further, by using (2.1) in (1.5), we can get 
2 Pr (ar, 015 uL Bi» Ba Ba; Yi [Yal [Ya] 3%), 2) 


LAN 
rz (1, r) (Ya r) 
i XF, (az; By, fs; Yo Ya> ^ tz 
(97, 2r) (Ba, 2r) r r , 
CD Ann ™ 
) XF, (a, +21, B1, Ba t2r; Yis veran Mak: 
-and using (2.3) in (1.6) that 
| Fs (a, By, Ba; Yao Yas x, 9+2) 
Fat PI 
pl) (L)7)(1a+r—1;1r)(8+Y92 7) (9' +72, r) 
XFg (az, 245 04; Bu Ba, Bas Yos [Ys]; [Ya]; X, Js 2), 





oO 
CE 
r==0 y (1, r) ya r—1, r) 12, 27) E 


XP: (a,+2r, a, +2r, ay +2r, Py Ba +2r, Ba +2r; ; 
Yis [Y2 2r], [va --2r]; x, y, 2). 


3. In this article an attempt has been-made to find out the expansions 
of Saran's [4] and Lauricella's [3] hypergeometric functions of three variables 
in double series by using the inverse pair of symbolic operators namely : 
p= DO) PO ERA) 

P(Si +h) Pates) ] 


y Ps) Peata tA) 
Oxe DR) Pta tth)? 


where 8,, 5, and 8, stand for x Em RUN and ge did 
Ox 07 Oz 


Wa 92 


and 


Using the above operators we can write as in article 2 the following two 
types of relations :— 
FA oe Lis Tis Br, an Bs; Ya, Yas Yà5 %, Is E 


(3. 1 — V. yz (21) F (ay By; > &) Fa (a, Bas Bs; Yo Ya; 3, 2), 


; I F(a, B5 Yi: x) F; (a4, Bs; Ba; Yas Yas J z 
G2) =Ag yz (%1) X 
XE. (a4, Tp vp B Bs B33 Y» Yo Ya) % y, 2). 


CA - AGRA unrest JOURNAL C ÒF P RESEARCH Ch [VLX us 
F Gia ax, ^d Yo ya; rye) RC RE M E | NT. oe, E 2 
ile ET o as By; (Ail, Bi; Yu Ya Yz; 3x» De E A is 
| M e M Ta» Bo 183]; Bu Yu Ys Ya; Ay); z) | 


6 4) Ay xi. (Pi) E, (Ba, a, p Yi: Yo VERS a | 
| “The above operators: -can - -be written in ' the form of de double ' series - 
cs 8, r4-5)(—3 Mía d) as c 

45 Dex y AAA] p t m 

E 5 v; yb RIED IL NM 
: LU. 0 0 

-— MADIG 3 Dc E E 

(9:9). 23 x Es » i 

ape Pa: j j E a "" à 2 ie a - M 7 ' A ms E ' T a n. T >` 


¿So as in article 2, a (3. 5) and (3. ive we have 
FA (ar, tv Qis Br, Ba» Ba; ) Yas Yas Ya > i a z) 


"RM E y rm 8, rs) (~= 8y n) (58s, 9” 
:  r=0 s=0 (1, r)(1; s) (ax, rs) 
| pm Fa (41, Bg, Bs ; Ya Ys iJ, z); 
: a (a1, rks) (Br, r+s) (By 1) (Bs, s) iTS, r z p 
A T 7). E EG (l, r)(1, Sm T+5) (Yo r) (Ya s) | S 
XF(oy-E rs, B, -r-E5 ; : yrs; x) x 
XF, (a, Pros, Bet, is 3 Ya Hrs Ya ES 1» 1l 
again using (3. 6)in(32),weget . - 
© F (ag 8551 5x) Fs (a1, Pa, Ba; ; Yo Ya 3), 2) 
uy X oC nb). nC-3s 5) 
r=0 s=0 (b 00, )(-2— 9$ 5 — 5,1, ri 
TA (a1, 22 TL B» Ba» Bs an Yao Ya > x, J: 2), 


x 


3:8 LS y um (a4, ps) Ba TE (Bs, (Ba, s) - rs ros ^ 
f 8) E ERG =? (1,r)(l; 5) (Yi; r +s) (Ya T)(Ys 5) ii 
A (mires, ee arts, Byt+r+s, Bytr, B, Fs; 


Eus Ya tr, Ya tS 3%), 9. 
Type H . o 
| Now by using (3. 6) and (3. 5) i in (3. 3) and (3. 4) respectively, it is easy to 
get the following two'expansions :— e}. | 
F, Mi Ay, Qg ; Tn Ya > 342) 


oo | 
3.9 y a, r) (aa r--25)(B,, rs). rts FM 
] i iod (1, 00, $) (Yo (a rH T Es . oa 
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ES FM (a, 4-7, a4 kr 425, astr 4-25, bi trs, [Boer d, Pobres ; > 
YT, eS AL x, 9, 2), 


and E 
Fu (ay, Lg ag Pv EAR B, ; Tr Ya: Ye ; *; 3; 9 


s jx CO CO 
3.10 -5 F rts a ar, r +25) (By, r+s) ud z x 
PME EE t RUD NN net 
x E, (By bres, a, +7, ar 25 ; Y, Er, Yatr+2s 5 3%, +2). 


4. Convergence Conditions. 


To justify the proofs of our expansions it is necessary to prove the condi- _ 
tions óf absolute convergence for these expansions. For this we take all the 
parameters real and positive and replace each term by.their absolute value. 
We now like to know the bounds for the hypergeometric functions with positive 
variables when their positive parameters diverge to infinity in certain ways. 


We establish these bounds by first proving the mene simp: e inequali- — 
ties W have been given in the form of lemmas. 


la) Lounasd | 
(4.1) Fy (atr +s; Patr, Ba +S ; Ya tr, YatS 5), z) 2 


<(1—y—zy 7 08 9 p, (n, B, 8 > Ya: 3) 2s 
= (l= yeas) (Ba, r) (Bs, s) 2 \%1, Pas P3 > Yas Y3 ) 
(4.2) Fa (Bitr +s, a4 r, ag-tr+2s ; y, +1, vat $25; x, 9-42) 
ear SS Om rg TH) jo - > 2 
«(1 X—y z) lann - ED) (B1; O45 Ag, , Yi Ya > 2,342), 
(4.3) Fe (a, Er, ag-+7; ag +7, Bitr, Bes B, m Yat” Yas Ya tT; 4, Is 2) 


«(ü —X —) —2) = ne ny. (ay, Ag, oe Pv Bs, Bs 5 Yo Yao Ys 3 
(ay, r) (Bi; r) 8,5 2) 


(4 4) Pa (a, +r+s, atts, a tr+s, By+rts, Bar, Bas ; 
: Yitrts, Ya Er, vats ; > 9,25 z): 
—r=s (Yo T+s)(Ys 7)(Ys 5) 
A | (Byr-- 5) (Bs; 7) (85; 5). | 
| X FA (an %1 €» Bi, Ba Bs 5 Yo Yar Ys. 5 5,25 2), 
ES) Em (nir, ers ay Fr 25, B, res, Batr+s, Bitrt+s ; 
| | Ya, Yate tes Ya br E25 32,9 2) 
a F ooma EET oo l 25) 
<(1 9. den paren 2' s 5 r) (Yas T+ x 
i `- (a, 7) (4g, 7 +25) 
A y (a4, Gg, Uy, BoB By > Y» Yao Ya > *; 9» Z). 


0 <(1—x—y—2) 
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0) nh II "E 
| (4. 6) En (a, ++, Ag PT, 35 Bo Bar, Btr; 3 ntr Ya tr; ae ; 


2 Wy Ja & 
E e ° : j 


l =r n ar (ty r) (Ye, ) 
sü-cx OD Bs rb 
X FN (an t Ge, 23, By; Bas By | > Tis Y» Ya 3%), ), S 


(£7) En (ai f; a+r, as PB, +r, Petts Bertin oe vaste nri 


£» z) 
epoxy) t Gre n). y 
E MEDICA MM 
i (a, O15 Gg, P1, Be By 3 Yo Yao Ya > Fs Py z)s 
. (4°8) . pr en oit êt, Bis Ba t2r, Ba +2 ; ; Yo Yat2r, Y3 2r 5 


| X, y, NA | 
2r (1 gy 21 re 200 Qs 2r) 
A UO eras X 
(a, 2r) (Ba, 2r) 
Fg (o 1; 215 Bu By Ba 3 Y Ya, Ys 3 $3.95 i 


- 


5. (a) Proofs of Lenimas inl. E" 
j To prové (4.1), we know that "na 


Pety Mats) DOr 8.) Plro—By) Y 
Tar) PYa Es) 


x (ay-+r-+s, By, Bots iac Ya 5, z) 
-f, f, Ptr Pte y yy Ya Ba} (1 y) fs Bs} P 
(1—uy —22) 7 17 du do, 
- S, f Pl, Pot gya hl yrs Pax 


E a [o] ° 


< Now, for r and s large ang 0< u xl, O0<v<l, 


S C oS nM. uM ENS | " Ex 
(1 —— Qs (5-9: "E cs 
Thus - A | 
M(B) nE) P(ya—ße) Dra e (Ba, r)(85, s) y 
(Ya) Pra) (Ys r)(Ys; j^ 


xF (a, +r+s, Bir, Bats 3 , Ya tr, Y3 +S 3), 2) | 
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ON EXTENSORS* | 


Har Durr Since 
Department of Mathematics, B. R. College, Agra. 


The present work contains an investigation of the extensions and 
generalization of the extensions of a covariant differentiation process introduced 
by Craig? to obtain a tensor of one step higher covariant order in. 
generalized Finsler spaces, and. to study. the behaviour of certain tensors and 
scalars in the light of each extended process;. It also deals with the exten- 
sions of Biañchi and Veblen identities of a Riemannian manifold, by expressing 
them in terms of extensors in such a way that on reducing extensors to 
tensors the results obtained are in confirmity with the establishrd results for 
tensors. These identities have been also generalised in a, space based on 
non-symmetric metric extensor and non-symmetric metric extended connection, 
and by making use of the idea introduced by Einstein? and developed by 
Kaul and Mishra.? Certain theorems on reduced range extensors and on 
their contractions have been established and generalised. Ñ 


1. An Extension of a Covariant Differentiation Process : 


Considering tensors T whose components are functions of m. 


TDR 


variables given. by x and their m derivatives 4%, x", x"'......... x(™) Craig! 
obtained the covariant derivative a 


(1.1) TU m Dm e) (m>2) 


where 


a2 Larra tae ny p 


.jn which partial — are indicated by subscripts and primes pase been 


employed to denote differentiation with respect to the parameter. Through- 
out, a repeated letter in any term denotes a sum of n terms. The curves 
under the considerations are supposed to be given in parametric form. 


We shall extend the process to obtain a tensor of one step higher covari- 


ant order ai applying it to mixed tensors T, (x, x’, x") and TS es EE ee . * 


peda First we take the tensor pe (x, x, x ^) into consideration. 


~ 





* An abstract of the thesis submitted for the degree of Doctor of Philosophy, Faculty of 
Science, Agra Vavel Agra. E 
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The extended point transformation 





(1.3) x= x^ (yl, y2,. dE JB) , Pany ’ 
0) 
hg 3x? „i 32 a a j 
XA == - — Y y » 


gives the following transformation in T : 
E 


| | ; * 
(4) TE Quy) = Tt (su) DE, 
| Y | a 24^ dy J | 
in which y indicates n variables yl, y*, y?,.........y2 and a similar notation is 
used for the derivatives y” and y”. ; oT 


Differentiating (1 .4) with respect to jk, we get 
a 1B 

(15) T "a pr — Boy : 
y? ay* Y* ay yx” ay* "dx" ay? 

TN gy a, JN a)  ox^ ay ay” ) 





in — ox” are climinated by 


TE dn of a ta} oF as" 
; 2» 
a result due to J. H. PA. 





- o, P A m 
To eliminate po we first write x” in the form 
SU | ; aB | 
(1.7) x"? -w yj y) gh OF ph ove V, 
with the help of (12), (1.6) and fg, wP —0([4], p. 248). 


Differentiating the above equation with respect to y and using the 


def. 524 








tensor T (x; x" de ,P ET s a 918 and eliminating — a7 
| 99 
means of the piacon [5]. | 

2 = B ~a 5 

atx? ae. Ba ax 


as == m 
q y at "4 ef 
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) m | Fa 
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We can easily verify that the covariant rank of the tensor 


Te mao OT at) 





- <= ios $ 
-nm ) OLA y |, m>4 


is greater by one than that of the original tensor iud ''* whose components 


"4944 


UN 


are functions. E ae Gk S S 
This is the result which was obtained by Marie. M. Johnson* taking 
m to be equal to 3. If the imponer of the tensor T (x^, x", x", x) do iot 


contain the derivatives x^, then (3.3) reduces to dd s covariant derivative. 
If there are no x” and x"^, then the result reduces to a partial differentiation 
with respect to x". The other properties of the process can also be obtained 
in the light of some of those already stated. 


4. The second Extension : 


. We shall extend the above process to obtain a tensor of one higher 
covariant order. The general” process will be ‘shown clearly by taking the 


tensor T^ (x, x’, x", x'", x"”) into consideration. The extended point trans- 


formation (1.3) gives the transformation of the. tensor T? as expressed in (3.1). 


Differentiating (3.1) with iL to 3 and making use of the following 
general formulae 





| <a ayk E Ok 3 ayk 
MDP unnm 1) a? 
D uer L3 o c 
we obtain . f | 


a ; 0 dy B a Oy Ê | 
(4.2) T; yk =( Toro SE +2T yx pa +3T 7B es 


7 
The quantities —— an 





- (1.10) respectively. 
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B 
To eliminate dx B 





E o » r : E m 
we first writex”" in the on 


aD w TIT TG Ty) 8^ 


(1 "cH Ww ere e") 


by differentiatiag (1:7) with respect to the’ parameter sad using the tensor 
(1:11). 


| By means of (1*6), (1:8) and (1:10), ana using » tensor ] 
(44) QË 00 E web. p ya y? T rh 
the Xp derivatives of AE 3) can be put in the form ° 
,"P -j£ axt Jo 
P Y Jak ies 


e OHO ROA Dy 
-QOHG Di ipd Hi DEDS 


in which we. have the C form | 


def. B 
B e 
cE 2 Zy 


Get 


















































ye 





(4:6) 











„ay 
‘Substituting the values given by (1:6), (1:10) and (45) in the equation 
— (£2), we have | 
BI 
BI T 


We can easily verify by virtue of the genera relations in (4:1) that ie 
covariant rank of the tensor | 


AT = 8|. 
(#7 pt dl at > Ta H 4T - 


as our new tensor. 





ya" 79 




















8| m(m—1)(m—2) ma... | ; à 
E Nee ANE O m4 
za eue x B E | L3 Yee uU) p , D 
is one greater than that of the original tensor T^:*** whose components are 
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5. Properties : 


(5.1) If the components of the tensor do not contain x^^, then (+. 7) 
reduces to the result obtained by Marie M. Johnson”. 


(5.2) If the components of the tensor do not contain x” and x"? 
Ave to then the result is Craig’s covariant derivative. | 


o. (5.3) If there are no x", x"' and x”", then the result is partial differentia- 
tion. ` ' 


(5.4) The properties given in (2.8) are preserved by the above process. 


(5.5) If m=3, a scalar T (x, x’, x" x'") will give rise to a covariant 
tensor when the tensor equations are differentiated with respect to ” ins- 
tead of y'E, The tensor so obtained is 

3 
B . 


pem nias rà i -T ua 


(5,6) If m=3, a tensor T, (x, x’, x", x'^) is med under the process 








(5.5), the new tensor of one higher covariant rank is 
a 


and so, the tensors T^ Gan xxt) and Le (x, x^, x^, x' ") will give rise to 
pu E F T; E er Nag 
a Wd 5 dls 
iatna ena ll 
A — B ae B yx : p 


We may note cursorily that the process indicated in (5.5) applies to a 
tensor ofany type and rank and yep a tensor of one higher covariant 
order than that of original tensor. 








5 8 
ai [s Asg- Eus "B 


the new tensors 








ina 
and. i 


"M 
Ts ^B 





respectively. 


(5:7) O (mx, x, x") yields zero tensor under the process indicated 
in (5. 5). 


6. "The Third Extension : E 


We have already discussed the first and second extensions “of a-covariant 
differentiation process. We shall now consider the existence of further 
extension of the- process for tensors whose components are functions of x, x’, 
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* x", x", 2, We shall illustrate this process in the usual manner. by 


taking the tensor T (x, x', x^, x^, x", x^") into consideration. 


a 


The extended Es Hair nacos (1. 3) gives the following transforma- 
tion in Los 
[2 : © QE LN TI AR IN An LUE ð i ax’ 
(6.1) T (3,2 3J 5X I )2 17 (x, 333, ES e —À * 
J Y ax” ay Jc 


— NN rk 
Differentiating the above equation with respect to » 


and making use 
of the general formulae (4.1) and | 


a MED (m42) (m1) m(m—1) ax" 





6.0). “eo ted 
GD md E >, 
we have , 
| ! B ; 
(6.3) T' = (a: 8 9x! ort .B 437° 8 ox" 
jI yx” y yx"? ay ya? ak 
+4 a B Ox 5 T? 8 Ox ) Qy Li 
yx" »* ( qat gyk Ox? dy 


B Qo „B ! 
The quantities e : a and 9" are eliminated by means of 
$^ a af 


(1.6), (1.10) and (4°5) respectively. 





un 


, we first write yb in the form. 





To eliminate Ox 


| B 
(64) a { ¡Pr y + i +e y Y 


= 2 (pee ab aad, xY) 


by differentiating (4.3) with respect to the parameter and ang the tensor 
(4,4). 
_ By means of formulae (1.6), (1.8), (1.10). and (4.5), and the tensor 


(6.5) RP CE T EE ai a" P. HQ G n y Y 


+ QÊ x" 4- QP Y, 
| x 2 xl 
the partial derivatives of (6. 4) can be put in a form ` 


ola O t 


9,* y 


| (6.6) 












































ORD a E 
aC FF CHT) E 
- ede 10»: O 
OG) DU OH) 
AD) 








i 
i 

















r 
1 

















in which we have the non-tensor form 


def. B 
/ a +RA. 
a 


— Rat 


(6.7) yu 



































B B B 
= R E R a { a > = R a 

xY x Y yea Y Y Y 
Substituting the values given by (1:6), (1:10), (4:5) and (6:6) in the equation 
(6:3), we have a new tensor of one higher covariant rank 


65) Tor ga i a 
( i M Tota) rd | E rd H 


a 
—5T 
yx" Ò 





E 


Because of the general relations (41) and (6:2) itis easy to verify that 
the covariant rank of the tensor 


Jic Too (mM) -DT ^ mossa) 


(m2) (m3) pt F A ed H 




















- a. Rosa 
is greater by one than that of the original tensor T whose components 
: Y: 


are functions of x, x', x",...... 


The properties of the above process can be established in the light of 
those stated in section 5. 
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7. A. Generalization of the Extensions : | 


_- By virtue of the first, second and third extensions of covariant differentia- 
tion process we establish a generalization of the extensions of the process for 
tensors whose components contain derivatives of any order by making use of 


mathematical induction. Thus, if the components T. of a given tensor 


ERETT 


are functions of x, Mia ym), then the quantities 
nda 7 X d swa $ | 
A morta) T7 (mia A 5) 
: _ (m—r+3)(m—r+2) ma... "T 5 | 
A hs (mrt) | 


— r 440) (mrW+3) Mm—r+2)4.... ò 
— morn rb rtp s sonra E | 


_(m-r+5)(m—=r+4)(m—=r+3)(m—r-+-2) 
| EE 


EHI 
m(m—1)(m—2)....(m—r-4-2) EL "se 
necne ecce wal es 

















are the components of a tensor whose covariant order is greater by one than 


that of the original tensor T. . The number of bars in the last term is 


2.2.4 462 


r—2, and its value can be obtained by virtue of the relations (1.1 1), (4.6) and 
(6.7). B x "— 


|. Obviously, this process yields propertie: similar to those stated above. 
8. Extended Bianchi and Veblen Identities : 


In dealing with extensors, we shall use only one root letter x for all 
coordinate systems, and distinguish “among different coordinate systems by ' 
means of letters employed as indices. Thus, instead of denoting different 
coordinate systems by various letters of alphabet x,y etc., we shall denote 
them by x! and x’ etc., where i, j, k..... and r, s, t...... refer to first and 
second etc., coordinate systems. The derivatives with respect to parameter 
t of a parameterized arc will be denoted by means of Greek indices in the 
superscript, and partial derivatives with respect to x'5 will be indicated by 
- Greek - subscripts, viz. | 
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X es xi aft gr) _ a, 
i at’ (pr ag ^ a 


Repeated lower case Latin indices indicate summation from one to n while 
repeated lower case Greek indices from O to M; unless the contrary is 
indicated by the presence of summation signs giving . the ranges. It is also 


necessary to assume that the curves under the discussion are of class M 


The extensors, introduced first by Craig® appears as an extension of 
the tensor concept, and hold the tensor member as a part of its components. 
From this fact Mme. Katsurada? introduced the” excovariant differentia. 


tion with respect to the extended: connection parameter rw of the Mth order 
derived from the connection parameter p of an n-dimensional space, The 
extended connection parameter p is given by __ 


Tj k= (zc) 5% r(4—8—O. 4... B=f, C=y 


where 


, Az BAC 
TA -p tee > 
y A< B46. 
With the help of this andad parameter and excovariant differentiation, 


the extended nee formulae for plo Ji ánd Vai y may be stated as 


Cn B A (8)! 

(81) F: ; Bj ; yk y. ae ef = RI Bj yk 

and | 
| T 8l | 

(82) P (a)i ; Bj ; yk ayi uk Hr 7 (8)! Rai Bj yk, 

where 
i at Ph pai | -Ph 
8) Rive s= Bj ak, gi gal, vet phat Taj yk 7 "phe pj sl 


and '; and 5 denote excovariant and partial differentiation respectively. 


We see that Rival is 2 mixed extensor of the fourth order and shall ca]l 
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it the curvature extensor or the extended Riemannian symbol of the second 
kind. It satisfies the relations 


ze Pal Poe = 


[ON LOL 


(86) Rw Re R ok 


Byykst — -( ic )® =a, in (CO, 


D=5, where Riy is thẹ curvature tensor in the Riemannian space. 


~~ 


Differentiating Res j excovariantly with respect to x m we have 


Ab 


p em — R2! 
Bjem 


rk l 


at gyal Àb 
R gjyksl; em — Rai ksl, em ae 
ai AD pai Ab 
Reinbsl lk em Rosi ÉS, em ° 


Two similar equations are obtained by cyclic permutation of the indices 
yk, Sl and em. If the three equations are added, we see that six terms .of 
the second member cancel themselves by virtue of (8.4), and after substitut- 


ing the value of RS. ES! in the remaining terms, we find that all the second 


and first order derivative terms and the terms containing no derivatives of” the 
symmetric extended connection ad the space cancel themselves, showing that - 


B Rik om + Rist em; yk + Nin ue 


which is the extended Bianchi identity. - 


pal | 
If the four i HOLS for * Riga em, Baier vk, Remslyk; Bj and 


R^ emj; 8l are added, we find that the four terms of the second 


member cancel themselves by virtue of (8.4) and the remaining eight terms 
with -ive signs reduce themselves to four terms with --ive signs. Now substitut- 


ing the values RO. ES! in all the terms, we find that all the second and 


` first order partial derivatives terms and the terms containing no derivatives of 
the symmetric extended connection of the apace cancel NS eee that 


ie 5 sk at; emt Rod Bj em; e Ring lyk gt Re em Bis sio 


which i is the extended Veblen indentity, 
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It is interesting to note that by means of the theorem (8.6), the iden- 
tities given by (8.7) and (8.8) directly follow, because they have thesame 
contents as the Bianchi and Veblen identities in essentials. However, in the 
next development which follows in generalizations of these identities in a 
space based on non-symmetric metric extensor and non- -symmetric extended 
connection, we shall consider the ‘cancellation of the terms in the light of 
(8.7) and (8.8). 


9. Two Kinds of Excovariant Derivatives : ` f 
We consider an n-dimensional space which is based on non-symmetric 


extensor g ... o ..\ and non-symmetric extended connection 
Saißj ( Saipj AB jot) ` a 


E ) The connection (Bv can be written as a sum 


"uk Ulis T 


x t - 
of its symmetric and skew symmetric pacts: given Bs qn T and i 


respectively. 


It is MO as 
QD. qub exiis Ee: 
i Bik Birk $ | Bjyk 
V 
Let us introduce a connection j ore k defined by 


Quy Tee = mq 
(22) B y% E 3j yk Ll yk 
then, from (9.1) and (9.2) we have 


9.3 um. 
(9.3) Le ; yk | Ik Bj l 
Now, we can define the excovariant Teva of an excontravariant 


exvector ya in the following two ways: 


at a k . 
(94) Ut =U 4 UY 1% 


; By , Bi ER] 
and | : 
at : 
(9. 5 U^ =U p yY fei 7 
SB 2 Bi kA 


where a comma (,) followed by doublet indices, denotes partial derivative, 
a (*) anda ( —) sign below doublet indices, followed by a semi-colon, indicates 
that an excovariant derivative has been formed with respect to the connectian 
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aj yk and ü B; yk respectively as far as that pair of indices is concerned. . 


By virtue of (9:3), the equation (9.5) can be written also in the 
form | | 
ai ai k pu 
(9.6) U =U UY Bi yk 
GB ..B | oe | | 
This duality in the nature of excovariant derivative yields two curvature | 


extensors given as (8.3) and 
at 


u at at.. Ph . 

= m yk 72 P Bj 81 — Talj yk "st en Ty Bj 
l pa . rPh 

e Ph si By 


We shall find identities in this ns i dE to ES Bianchi 
and Veblen identities. 


10. Generalizations of Bianchi Identities : 


In extended Bianchi identities (8.7), we find that six second order 
partial derivatives of the symmetric extended connection of the space cancel 
themselves. These terms also vanish in the case of non-symmetric extended 
connection. Therefore, on the left hand side of our identities we have only 
three terms as before. But a complication arises due to the fact that in this case, 
some of the thirtysix—first order derivatives of the extended connection do not 
cancel as they do in the case of symmetric extended connection. However, if 
we confine ourselves to the excovariant differentiation with respect to the- 
excontravariant and first excovariant: indices only, we may state the funda- 
mental identity as 

, at at | at 

(10.1) Rt +Rt +k + =0. 

B yk 8l 5 em Bj a em ; vk Bjemyk 5 si 


In order that the identity may be in extensorial form, it is necessary 
to put some sign ve or —ve below the second and the third excovariant 
indices .of the terms in the above equation. It can be verified that by 
putting opposite signs under the pair of indices yk andem of the first and second . 
term, §/ and em of the first and the third term and §/ and yk of the second 
and the third term, the extra terms introduced cancel themselves, The 
possible number of ways in which this selection of +ve and .—ve can bé 
made are eight. But out: of eight identities, thus optaimed, there - are only 
four independent indentities, which are written as 

ai 


1903) R* . RR Rt =0, 
Brykal ; em Bjslem;yk Bjem yk;5l 
+ T + + t m 
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at ai 
(10:5 R* + R+ + R+ 
Bj yk 8l y em. Bj 8L em ; yk mos sl 
POR p c4 
1 ai at 
(10:4) R+ ; m Rt + R+ =0. 
Pj YE 8l; Bj Sl em ; yk Bj em yk ; 8l 
poe cv + o + — 
i at at 
(10:5) RA ms Rt d Rt | —. 
P yk al; Bj 8l em ; yk Bj em yk ; $l 
+ + Ro c E 


11. Generalizations of Vebleri Identities ; 


In extended Veblen identities (8°8), we find that eight second order 
partial derivatives of the symmetric extended connection of the space cancel 


themselves but in the case of non-symmetric extended connection, these terms 
do not. However, if we add more terms 


pa , . E introduced by E” | and other 
yk Bj, 8L Bj, ^— 8L Bj, yk em Bl Bj em 5 yk 
o pO nal ai |. 
such terms introduced by R | and R 
5/Bjem ; yk, em 8l yk ; Bj, vk em Bj ; 8! 
to the second order partial derivatives of (8:8) we see that the result equals 


zero. Consequently, we shall have on the left hand side of our identities 
eight terms instead of four. 


If we confine ourselves to the excovariant qimerentiation with respect . 
to the excontravariant, and the second and third excovariant indices only, 
we shall have our (un demens identity as 


n ai ai. |. al at 


e— — Loon 


T i +R ae 
FTT Sl By em; yk em Sl yk ; Bj yk em Bj ; èl 
a El GEM S d 

TRT l + R+ +R+ +R + 
Bj yk 81 ; em Sf Bj em ; yk em Gl yk ; Bj yk En B n 
= s.d Ho c . bow 


It.is necessary to put some sign +ve or —ve under the first excovariant 
indices of the terms in the above equation in order to get the identity in 
extensorial form. It can be seen that by putting opposite signs under the pairs 


of first excovariant indices fj, em and $1, yk in the left members of (11.1), 
the extra terms cancel themselves. 


Obviously, the possible number of ways for the selection of +ve and 
—ve signs are sixteen, but out of sixteen identities, thus obtained, we get 
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only four independent identities which are : 
at | ai al 
(11.2) R^ M TRO 
Bj yk 8l; em Sl Bj em; yk m Sl yk; Bj 
at nal at al 
R^ TRE Rt + RT. 
yk em Bj; 80.  Bjykg8l; em SI Bj em; yk — em Bl yk; Bj 
+- 7 + + + + = + + 
mal 
+ RT =0 
yk em Bj; 8! 
e: 
at ai ai 
(11.3) R7 E S 
jj yk l; em Si By em; yk em Sl yk; Bj 
ai na at | wat 
RO Rt + R+ | - RE 
yk om Bj; l ^ Biyk Sl; em 8lfj em; yk em Și yk; Bj 
= = de oe -+ + + + + 
nal 
+Rt zz 
yk «m Bj; 8! 
c 
ai ai ai 
(11.4) Ro = RO 7 
Bj yk 8l; em — 8l Bj em; yk hia Sl Yk; Bj 
ai i T: nal nal nal . 
: d 22 EE | 
yk em Bj; 81 Bj yk Sil; em SI Bj em ;qk ` em 3l y Bj 
+ - 7 t +. + -+ + = + 
Rt e( 
yk em Bj; 81 
+ + + 
at at 
(11.5) R” +R | + Ro 
“Bj yk Sl; em lj em; yk — tm Sl yk; Bj 
at ENT: nat nat 
RT 4- R* R+ R+ 
vk em Bj; 5l By yk 8l; em sl Bj em; yk —— sm Blk: Bj 
+ xu 7 = ae aa + tb c T 
in at 
ax) 


May, 1963] — - H. D. SINGH on Extensors ` 187 
12. Contraction of Extensors : 


The theories of extensors of reduced range and those of contrac- 
tions over full and reduced range, have been treated by Craig 5,? and 
A. Kawaguchi’. Here we shall concern ourselves with extensions and 
generalizations of certain theorems on reduced range extensors and of their 
contractions. 


The symbolism is essentially the same as used in the previous section. 
Here we shall denote two coordinate systems x8 and xf respectively. Letters 
at the beginning of the alphabet (a, b, c, d, e; 4, B, y, 8, e) will be associated 
with x* coordinate system, while the remaining others including i, WK osseous 
A; ly 0y.......With xT system. 


The existence of extensors of reduced range is illustrated by the following 
theorem : 


If. cae is an extensor and 0<a<M; 9<§ <M, p < <M, then the 


" transformation tu of the quantities 
| M 
p qa—0a. B—ób 
pa 3 9) G ) c. 6d 
may be put in the un 
r (o) c (§)d 
000 B—ph , Ur, (05 e (8) 


M 0) J | 
y . 
p nc $ ! G) c. 6d i s (B)b t (QI 

T m — ôr. o—ds . 


=z X. M (T 


Proof. By > virtue of "à eim s 
we see that a x( ( 2 reduces to e > . and (3) X 
reduces to AA 
Therefore, by means of these relationships, the left member of the relation 
to be established — 
p—6r. c— ps - 


Es ar E 200 A A 


after replacing a by a+0 and £ by B+4 and thus the earem is proved. 


If we delete the indices 8 b, d and therefore os, $ in the above ilicotemi: 
we have the following: 


UU 


Y 
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TU. 4 is an extensor and @<a<M, then the transformation 
a, — a 
c. 6d 


ji i M Y E 
equation of the quantities 2 ya T; may be expressed in the form: 
a==6 "E 


MO Tad xO X; X -z () Ty ars 


If we consider T^^ under this theorem, we get a result obtained by 
Craig??. 


On making use of mathematical induction, we can easily generalize 
the above theorem. 


The existence of extensors of reduced range gives idea of the construction 
of extensors, tensors and finally invariants over a reduced range. . The general 
process has been illustrated in full generality by the following thorem : 


If nr md eye is an extensor of reduced range @<fP<M; 


0<8 SM; ¿<y <M, ¿<9 <M, then the E. HO o 
3 a = 


T d far a Y $c are the i of a mixed extensor. 


Proof. a the law of extensor transformation we have 
M M 


ud EM : Qu P^ e E 


Q QU 


aja ae O Wi 
xias tes e Xd Kh Xie, 


in which the part of - member of right hand side with dummy index 


E E RC ) xi ee xil by means of the relations 


£ de x” b x Aj A; 
K ) c j) () um -( Shana X On E 8) n. 3 reduces to 
EO 5 s) and similarly the member with don index y reduces to 


3 $ " j ; , and nonce (12:1) becomes 
Y, = 
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aa. B— 05. y E M. P 65 y— di 
Be x y= MERO GI, Bb. y | pts 2007 ;. oS. yi 
(aja 1 
x X. 
(P)r d 


Thus the theorem is proved. 


If the indices y =¿c, ye and therefore rd — di, se are absent, we eet the 
result given by Craig*. 


1f farther ad, d and therefore fr, i are absent, we get. an example of in- 
variance in functional form with respect to T. There are, evidently, (M 4-1) 
- contractions with regard to a pair of superscript and subscript. If 9=M, 
we get the contraction of tensor analysis. If 0—O, we get an analogous 
contraction. Moreover, when O Z 0 Z M, we have contractions involving 
binomial coefficients. Kawaguchi? has shown that there do not exist other 
kind of contractions. 

The contraction over full and reduced ranges by means of quotient law 
is illustrated by the following theorem. | 


If for every differentiable vector V, the set of quantities 
M 2 Y) (à ) T aa. Bb o 6d.§ — ġe 
y= E 5- =o P cyd. Be 


are components of a mixed 


7 TP aa, Bb 
extensor of the type indicated by the free indices, then T 
c. yd. §e 
is a mixed extensor of reduced range 0 xiv xx M, $<§ <M. 
Proof, By virtue of the hypothesis, we have 
M M aa. Bh  y—0d. §—oe 
x zx QW V | s 
Y =0 ò =P ) C. Yd. Se : l 
M | Pr.os — A—l.u—9k (aja (B) t 
- X f j| f 4} T V x x X 
had bad $ t. X. pk (P)r (ss 6, 


which, after replacing y^- Gt. p—pk by 
M M  y—0d.3-pe (A—0) > (u—p)k 
V X X 


Y1=05=p 200 (y—0)d (8-4)! 
and Ea use of 


(A-8080 — (1 

KOL (y—0)d EXE (04, 

M (up) M (E. 
^ T I Plo) z^ B 


and 


p=0 
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reduces to A 
M M - a 8—de dd pb Pr. os n 2M 
2 2 — T 
y=03=4 00 t C. ví de  t.Al.pk pyr os 


eet: 
pd 


00) ka 
X X xo] 


c (pda (3) 
which shows that the add must vanish under the conditions and the 
theorem follows. 


In an analogous way, we can prove the following theorem : 


If for every arbitrary extensor Va Bb the set of quantities 


M M 8 a — 84.8 — pb 
25 A H tr gp are components of an 
a=9 B=4 $ c.yd sé 
aa, Bb 
extensor of the type indicated by free indices, then T F is a mixed extensor 
- €. Y 


of reduced range (<a zx M, p<B<M ; ard’ 


If the set of quantities y > 3 (16) (0C JU 


a=0B=p y=4. ne =) 
a — £a. B— poe $ d. 8— ne 
T 


c. Yd: 8e ad. “Bb 


are components of an extensor for arbitrary extensor 


Y—9 d. 8—e . . “aa. Bb 
V , then T is an extensor of reduced range 6 xta SM, 
aa. Bb c. yd. 8e 
PSSM, $X[«M, y<8<M. 


The last three theorems can be- generalized to higher order quantities 
to get the extensors and tensors of any order and finally invariants, by 
contractions over reduced and full ranges. 
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MORPHOLOGICAL AND CROSS-INCOMPATIBILITY 
STUDIES IN SOME SPECIES OF PSIDIUM* 


J.N. Serj 
Govi. Horticuliural Research Institute, Saharanpur. 


Psidium, a genus of family Myrtaceae sub-family Myrtoideae is native 
to tropical America. The species P. guajava, commonly known as guava, is 
widely cultivated in India and covers a total of about 1, 25, 327 acres. Its 
fruits are a very rich source of vitamin C and contain 300 to 450 mgs. of 
ascorbic acid per 100 gm. of pulp. -The review of literature on Psidium shows 
that very little work has been done on the floral biology, cytogenetical and 
morphological aspects, which are essential prerequisites to any successful 
hybridization for their improvement. The present work has been done with 
these objectives in view and deals with the external morphology, floral biology, 
incompatibility, cytology, embryology and development of seeds of five species, 


- viz., P. guajava, P. guineense, P. chinense, P. molle and P. cattleianum var. lucidum. 


It is observed that these species show only slight differences in their 
floral biology. There are only two blooms (1) summer bloom, and (2) rainy 
season bloom. P. guajava, P. guineense and P. molle have also slight tendency 
to flower during January-February. The floral buds mature in about 28 to 
35 days and set fruits in about 103.2 to 197.2 days. Floral buds as well as 
fruits of P. chinense mature in the longest period and those of P. catileianum var. 
lucidum in the shortest time. Floral buds pass through six distinct stages of 
development. E | 


Anthesis and dehiscence of anthers start from early morning (5.30 
a.m.). The former is influenced by minimum temperature, while the latter 
by relative humidity. In summer bloom most of the flowers wither in the 
bud stage and this has been found to be directly correlated with the maximum 
temperature of the day. Observations on anthesis and dehiscence of anthers , 
under controlled conditions also show that cent per cent flowers wither at 
40° C and dehiscence of anthers is delayed by five to six hours at 100 per 
cent relative humidity than that of 25 per cent. In P. cattleianum var. lucidum, 
dehiscence of anthers takes place after anthesis, whereas in other species 
generally it precedes anthesis. 


Pollen viability of these species ranges from 54.4 to 98.2 per cent in 
aceto-carmine and 42.6 to 79:2 per cent in ‘vitro’, Pollen grains of P. guinee- 
nse have the maximum viability, whereas those of P. catileianum var. lucidum 
possess the least. Germination of pollen grains, has been tried in different 


concentrations (5 to 30%) of sucrose, lactose and dextrose. Sucrose medium 


* Summary of the Thesis submitted for the- ii m of Doctor of Philosophy of Agra 
University in 1961, 
] Present address : Govt, ais Resch Farm, Mauranipur, Jhansi, 
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has proved to be the best. The pollen grains of P. molle show the highest 
percentage of germination as well as pollen tube growth in 15 per cent 
sucrose, while those of remaining four species in 10 per cent. In lactose large . 
number of pollen tubes burst just after growth, whereas in dextrose cytoplasm 
oozes out from the pollen grains without formation of any pollen tubes. The 
pollen grains of P. guajava, P. guineense RUE. chinense also germinate in tap 
water. 


Germination of pollen grains as well as their tube length increases 
remarkably by adding 0.5 per cent agar to the sucrose solution. Addition of 
gibberellic acid, naphthalene acetic acid and indolebutyric acid also accelerates . 
the pollen germination and tube growth, but the effect of the latter is more 
marked. ‘The effect of these plant regulators, however, varies with different. 
species. Addition of 20 to 30 ppm boric acid accelerates the pollen tube 
growth three to four times. Pollen tubes in plant regulators and boric acid 
show some morphological abnormalities like swelling, coiling and branching 
at the tip, but inspite of this they continue to grow and generally do not 
burst. The optimum temperature for pollen germination is found to be 25°C 
for P. cattleianum var. lucidum and 30°C in other species. 


The pollen grains of Psidtum species remain viable for a day only under 
field condition and eight to twelve days at the room temperature. If stored 
in 0 to 25 per cent relative humidity at the room temperature they remain 
viable for twelve to twenty-four days, whereas at low temperatures (0 to 4.59C) 
they exhibit longevity of 90 to 135 days. It is observed that the pollen grains 
Of P. cattleianum var. lucidum show optimum longevity in 0 per cent relative 
humidity at 4.5°C, whereas those of P. chinense in 0 per cent relative humidity 
at 00C. The pollen grains of remaining three species show the highest 
longevity under 25 per cent relative humidity at 0°C. Pollen longevity is. 
the highest in P. guineense and the lowest in P. cattleianum var. lucidum. The 
stored pollen grains do not show any correlation between pollen germination 
'in culture and fertilization tests. 


The ema of P. catiletanum var. ane becomes receptive from the day: 
of opening and continues to beso up to 72 hours. In other species, the stigma 
becomes receptive one day before opening and remains so up to 32 hours. 
after anthesis. Fertilization takes place within four days of pollination. 
Fruit-setting is very high during rainy season bloom in comparison to that 
of summer bloom. 


P. molle plants, studied by the author, show gametophytic type of 
self-incompatibility. In interspecific crosses, some of the. species show only. 
unilateral incompatibility, whereas others exhibit reciprocal incompatibility. 
It'is also observed that the polyploid species, i. e., P. cattleianum var. lucidum © 
(octaploid) and P. molle (tetraploid) do not cross wk diploid species when 
used as male parent. Reciprocal crosses are, however, compatible. Cross- 


May, 1963] J. N. SETH on Morphological Cross-Incompatibility studies in Psidium 195 


incompatibility is ' of two types. In one type the cross fails due to the 
inhibition of pollen tube growth in the style as observed in self-incompatible 
P. molle. In another type, the pollen tubes grow through the style and 
syngamy as well as triple fusion takes place normally, In several cases, the 
endosperm becomes eight to ten nucleate after which the flowers wither. In 
the cross P. guajava x P. cattleianum var. lucidum always seedless fruits are 
formed. 


Self-rincompatibility from P. molle and cross-Incompatibility from the 
crosses P. molle x P. chinense and P.catileianum var. lucidum x P. chinense have 
been overcome by the sprays of 100 ppm gibberellic acid. A large number 
of fruits obtained in these treatments are, however, seedless, but a very small 
percentage of fruits with viable seeds are also met with. Fruits in these 
treatinents become quite abnormal in shape and calyx at the apex also 
becomes fleshy, which persists till ripening. Addition of 100 ppm boric . 
acid to gibberellic acid, further improves the setting in these crosses and 
also induce fruit- and seed-setting in more incompatible crosses, e. g., P. 
guineense-x P. chinense and P. guineense x P. cattleianum var. lucidum. . Application 
of | per cent indolebutyric acid in lanolin paste to the ovaries at the time 
_ of pollination, or slightly before it, also induced fruit- and seed-setting in the 
incompatible crosses, viz. P. guajava x P. molle and P. molle x P. chinense. 
In the latter cross, only parthenocarpic fruits develop. It is concluded that 
these two plant regulators delay the flower shedding and thus allow enough 
time for the incompatible pollen tubes to grow through the style, Boric 
acid, on the other hand, helps by accelerating the rate of pollen tube growth. 


Trimming the stylar end of ovaries up to the ovules and putting pollen 
grains along with sugar agar culture media on the cut surface is also tried, 
In all these treatments few seedless fruits are obtained in the self pollinated 
P. molle and cross P. molle x. P. chinense. In some ofthe fruits, degenerated 
ovules form a hard structure in the centre appearing like the seed. It is 
also observed that fruits develop only in the pollinated ovaries and, therefore, 
it is concluded that pollination is very essential for the development of seed- 
less fruits in Pstdium species. 


Cytology of these species has shown that P. guajava, P. guineense and 
P. chinense are diploid (2n—22), whereas P. molle is a tetraploid and P. 
catileianum var. lucidum an octaploid. 


Anther wall is made of five cell layers, of which iunermost layer is 
tapetum whose cells become binucleate at the time of meiotic mitosis in the 
microspore mother cells. ‘The tapetum degenerates by the time young micros- 
pores separate from each other. In several cases the tapetal cells do not 
degenerate even when the young microspores acquire exine. In P. chinense 
often, the tapetal cells enlarge in size and project in tae anther locule. In 
P. molle and P. cattleianum var. lucidum sometimes instead of tetrads of micros- 
pore more than four cells are formed. 
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` Ovary is unilocular and generally three and in P. chinense occasionally 
even up to six rows of ovules are borned on the flanks of parietal placentae. ' 
By the time floral bud matures, these placentae fuse at the tips and side. The 
ovary, therefore, appears tetra- or penta-locular. | 


Ovule is anatropous, bitegmic and crassinucellate. In P. guajava and P. 
guineense casually ovules reach up to campylotropous stage only. Micropyle 
takes a zig zag course and is often also formed of only one integument. Ovule 
receives a single vascular supply, which terminates at chalaza. Two nucelli 
embedded in a common set of outer and inner integuments are. also observed 
in few ovules of P. guineense, P. molle and P. guajava. 


The megaspore mother cell is discernible in the third or fourth layer of. 
nucellus. Insome ovules of P. molle, P. guineense and P. cattleianum var. luci- 
dum two megaspore ‘mother cells are formed. Occasionally both of them deve- 
lop and form twin embryo sacs. In normal ones a linear tetrad of megaspores 
is formed. The chalazal one of these is functional and forms eight-nucleate 
embryo sac. .Development of the embryo is of Polygonum type. Embryo sacs 
with varied arrangements of their nuclei are also common. 


Endosperm is free nuclear and in the beginning has an aggregation of 
denser cytoplasm and larger number of nuclei at the chalazalend. Cell wall 
formation Starts from the micropylar end and it takes place when zygote starts 
dividing or it has formed a proembryo of globular stage. Entire endosperm, 
including its chalazal end, becomes cellular, but the whole of it is consumed 
by the developing embryo. Embryogeny is highly abnormal in most of the 
zygotes. The development of embryo is of Onagrad type and mature embryo 
is somewhat horse shoe shape. In P. cattleianum var. lucidum often the nucellar 
cells at the micropylar region become rich in cytoplasmic contents and proli- 
ferate simulating nucellar embryos, which project inside the embryo sac. How- 
ever, mature embryo from this nucellar growth has never been recorded. 


In post-fertilization stages, 'ovule becomes ana-amphitropous in shape. 
This is brought about by the projection of basal body in thé arch of nucellus. 
The micropyle, therefore, comes close to the chalaza. Two hypostases differ- 
entiate at two different places in the nucellus. The first is formed just below 
the embryo sac and arises soon after fertilization, while the second a little later. 
at the place of fusion of nucellus with the inner integument. The cells of the 
first hypostase are slightly thick-walled and poor in cytoplasmic contents, 
whereas those of second hypostase are filled with tanin and take deep red stain 
with safranin, . Only the .second hypostase persists in^ a mature seed. The 
inner integument degenerates completely ee aaa few of its cells, which 
accumulates in.the micropyle. 


| A mature seed coat is formed of two layers. The outer part, which is . 
hard is fifteen to twenty cell-layered and is derived from the outer epidermis of. 


: ON THE SPIRUROID GENUS PAYSALOPTERA RUDOLPHI, 1819 
IN SOME OF THE INDIAN CARNIVORES —A PRELIMINARY NOTE* . 


V. P. Gupra AND B. P. PANDE 
 Deparimeni of Parasitology, U. P. College of Vet. Sc. &? An. Husbandry, Mathura. 


- A very large number of species of Physaloptera are known as parasites 
of a great variety of vertebrates amongst which some are associated with 
gastric affection not only in.domestic carnivores but also in wild ones inclu- 
ding those in captivity. Of these, P. brevispiculum v, Linstow, 1906; P. fuelleborni 
(Mirza, 1934); P. praeputialis v. Linstow, 1889 (Syn. P. masoodi Mirza, 1934) 
and P. rara Hall and Wigdor, 1918 have been recorded from domestic carnivores 
in this country by Baylis and Daubney (1922, 23), Chandler (1925), Korke 
(1928), Mirza (1934) Mirza and Singh (1934), Bhalerao (1935), Acharya 
(1229), Mudaliar and Alwar (1947), Thapar (1956) and Rao (1958). 


During the course of faunistic survey on the helminth parasites of 

cat, honey badger (Mellivora indica, Kerr), fox (Vulpes bengalensis) and dog one of 
us (V.P.G.) collected a large number of physalopterids. The specimens. 
from cat, consisting of mostly adults and a few juveniles, were found to belong 
to P, fuelleborni which, on study, showed that the account given by the 
author, in certain respects, needed a redescription. As the worms were found 
attached to the mucosa of the stomach, pieces of gastric wall were suitably 
fixed for subsequent histopathological study to assess the host-parasite rela- 
` tionship which too have been attempted in this paper, From one of the 
three badgers, examined post-mortem, the single specimen obtained was an 
adult female which resembled completely the female worms collected from 
cat. The specimens obtained from the stomach of fox have, on examination, 
proved to belong to a new species which has been named provisionally as 
P.-vulpineus and is described briefly, The two specimens, recovered from 
one of the seventy seven dogs autospied, were immature and the one under 
ecdysis had around it the loose sheath of its previous stage. A specific 
determination, in the absence of adults, is not possible and these juveniles 
are briefly described here as Physaloptera sp. 


1. P. fuellbormi. ^ > | Ros * 


The male specimens, 20-35 longand 0.75-1,42 in. maximum thickness, 
have transverse cuticular striations throughout. The mouth is. with two roun- 
ded lips, each having two papillae on its external surface and with a large 
external and an internal tooth of thesame height as the external one but tridi- 
gitate in character. The oesophagus, 3.7-5.3 in length, has a smaller muscular 





*A part of the thesis approved for the award of M. V. Sc. degree of Agra University 
to V. P. G. under the supervision. of B. P. P. 
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part followed by a larger glandular posterior portion. The nerve ring lies at 
0.42-0.58, the cervical papillae at 0.67-1.00 and the excretory pore at 0.75-1.15 
distance respectively from the anterior extremity. ‘The caudal end, with lateral 
alae and a tail of 0.87-2.17 length, has its ventral surface, from infront of the 
cloacal opening to near the posterior end, covered with continuous longitudinal 
ridges. In addition to the usual four pairs of pedunculated lateral papillae in 
the pre- and post- cloacal regions there are sixteen sessile papillae of which the 
three precloacal ones lie transversely on the anterior lip of the cloaca with the 
median papilla largest in this series and the four, situated immédiately behind 
the cloacal aperture, are arranged crescentically and of these the two 
median onesare relatively smaller than the laterals. The remaining nine 
‘of the sessile papillae, situated in the posterior half of the tail, are arranged 
in-four transverse rows, the first two rows with two papillae.in each consti- 
tuting the anterior group which, infront and around, has a characteristic 
longitudinal ribbed-area, separated by a distinct gap from the rest of the 
papillae which too are in two rows and lie close together, the first row 
has the two papillae which are smaller in size. than the papillae behind 
.which are, however, three in number with the median one the largest. 
The spicules are very unequal in size, the left thinner and longer and 
measures 1.43-3,1 while the right one, slightly stouter but shorter, measures 
" 0,5-1.29 in size. dE 


The female measures 28-42 in length and 0.97-1.58 in maximum width. 
The oesophagus is 5.7.6.9 in’ length. The nerve ring lies at 0.47-0.62, the 
cervical papillae at 0.67-0.85 and excretory pore at 0.72-0.95- distance res- 
pectively from the anterior extremity. The vulva, situated at 11.36-15.56 
distance from anterior and, is coveréd by a detachable ring of brown cement 
and leads into thick muscular vagina which joins posteriorly the relatively 
thicker egg chamber, "Vagina, including egg chamber, measures 2.72-2.92 
in length. The two uteri arise posteriorly from the egg chamber like two 
horns and run parallel. 'The eggs; inside vagina, are almost round and 
measure 33-37 x 29-334 in size, P | l 


Juvenile males—The specimens measure 13-14 in length with a maximum 
width. of 0.65. Cuticle shows transverse striations. The two lips are fully 
formed with the typical adult characters. The oesophagus measures 2.9-3.1. 
The nerve ring lies at 0.52-0.53 and the excretory pore at 0.55-0.58 distance 
respectively from the anterior end. The caudal extremity does not show well- 
developed alae as in the adult but the usual number of papillae, the rudiments 
of the spicules and the testicular region have made their appearance. In 
one of the specimens, appearing younger, the sessile papillae, the rudiments 
of spicules and testis alone were seen. Tail is 0:37-0.55 in length. | 


Juvenile female—The specimen recovered measures 21 with a maximum 
"width of 0.75. "The oesophagus is 3.188 long. The nerve ring lies at 0.43, the 
cervical papillae at 0.68 and the excretory pore at 0.75 distance from the 
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anterior end.: The genital pore is situated 7:73 distance behind the anterior 
end. The muscular vagina, with fully formed egg chamber, measures 1,95. 
in length and shows the two uteri arising as its two horns. The tail is 0,3 in 
length. o 


Histopathology—The- worms, firmly attached to the mucosa wot stomach, 
have a covering of mucus. Histological study revealed that the worms, for 
burrowing deep into the mucosa, use their teeth and from the destruction of 
the gastric glands in this region: a reduction of its effective surface results. 
Both the intact as: well as damaged mucosa have copious mucus which is 
secreted on account of irritation caused by the worms which, in heavy infesta- . 
tions; may lead to grave gastric troubles. No marked cellular elements in and 
around the areas of attachment were, however, observed. 


As quoted Baylis (1939), P. fuelleborni was originally described by Mirza 
as Chlamydonema fuelleborni and the genus Chlamydonema, differentiated from 
Physaloptera on the presence of prepuce-like sheath both in males and females, 
is a synonym of Physaloptera. . In dealing with P. brevispiculum, Baylis also stated 
that one of the four pairs of the papillae, described and figured by Mirza, 
perhaps represented the “caudal pores" ‘and UEM believed. that this 
species was a synonym of P. brevispiculum. 


“From a study of the large number of jets available with us it is 
evident that the fourth pair, described by Mirza, is a feature constantly pre- 
sent and there is thus no justification to consider these as pores. "The species 
P. fuelleborni, therefore, stands valid. Some variations, however, have been obser- 
ved in our material from the original description for this species and these 

relate to the oesophagus which has been described with a constriction ‘in its 
posterior part in male specimen studied by Mirza. This feature was not 
encountered in any of the specimen available with us. The second point of 
difference is in regard to the papillae as, amongst the sessile papillae, the two: 
median papillae of the immediately post-cloacal series have been found to be- 
relatively smaller than the laterals. The first and third row of the tail papil- 
lae are also relatively smaller than the second and fourth: series which have 
been described with only two papillae but really are three in number. Pos- 
sibly, these points were overlooked in the only ¡as available to the pees 
for examination. | i 


. A single adult female, recovered from the honey badger, on study, was 
found to resemble in all respects the female worms collected from the cat. 
The species P. fuelleborni has, therefore, been found to occur in this host which 
E a first record of its occurrence in this animal. 

P. vulpineus, n. sp. m 

Three males and one Gale specimen of a physalopterid species were 
collected from one of the three foxes examined for parasites; The specimens, 
on SUY. appeared distinct from the species so -far known under the genus 
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Physaloptera and, are described below as P. vulpineus n. sp. which is: differentia- 
‘ted from the other known forms. 


Males—T'he specimens measure 15-25 in length with a maximum 
breadth of 0:36-0.759. The cuticle is transversely striated. The two rounded 
lips, each with two papillae on its external surface, have one external and 
three internal teeth of nearly the same size. The oesophagus, with an. 
anterior shorter but muscular and a longer glandular posterior part, measures 
4:49 in length. The nerve ring lies at 3:5-5:8, the cervical papillae at 0.49- 
0.50 and excretory pore at 0:50-0:77 distance respectively from anterior end. 
The caudal end, with lateral alae and a tail of 0'7-1:4 length has on 
its ventral surface, beginning from infront of cloacal aperture to- just behind 
the posterior extremity, continuous longitudinal ridges formed by tuber- 
cles. In addition to the usual four pairs of pedunculated lateral papillae, there 
are thirteen pre- and post-cloacal sessile papillae, three of which are pre-cloacal 
and arranged in the form of ‘V’ with the median one, the smallest in this group, 
lying just on the anterior lip ofthe cloaca while the two lateral ones are of 
equal size. Just behind tbe cloacal opening, the four sessile papillae lie arranged 
crescentically and are of nearly the same size. The three pairs of sessile papillae, 
lying behind"the pedunculated series, are present on the posterior portion of the 
tail, being nearly equidistant from each other. The first two pairs in this 
series lie in the ribbed area while the third one is posterior to it. The two 
spicules, of similar shape and size, measure 0:44-0:49 in length. 


Female—The specimen measures 28:5 in length and 0'91 in maximum 
thickness. The oesophagus is 6'0 in length. The nerve ring is situated at 
0:48, the cervical papillae at 0°68 and theexcretory pore at 0°69 distance 
respectively from anterior end. The genital pore, in the oesophageal region, 
lies at 4:22 distance from anterior end. The muscular vagina is 3:09 long. 
The two uterine tubes, arising directly from egg chamber, run posteriorly lying 
parallel to each other. The bluntly ending tail is 0-49 in length. The d 
formed eggs, inside the vagina, are 30-40 x23-30 u in size. 


Hosr— Vulpes bengalensis (fox). 
HABITAT—Stomach 
LoaALrry—Mathura 


The type specimens deposited in the collection. of the Department of 
Parasitology, U. P. College of Veterinary Seience & Animal Husbandry, 
Mathura, U.P., India, 


Remarks. A very large number of species of Physaloptera known from 
reptilian, avian, and mammalian hosts, have been studied by many workers 
and amongst the numerous scattered references the descriptions of new 
species or redescriptions of some of the earlier known forms are found. 
Ortlepp (1922, 1937), Hill (1940) and Morgan (1948) have given compre- 
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hensive details about the species considered valid by them. To the- first 
we owe a useful key to the sufficiently known forms. The present specimens 
are assignable to the group of species with two uteri which are included 
under  Didelphys. As the origin of two uteri is directly from the 
egg chamber and the position of vulva is in the oesophageal region 
towards the anterior part of the body, the present material appears to resem- 
ble the species P. tacapensis Seurat, 1917; P. immerpani Ortlepp, 1937 and 
P. getula Seurat, 1917. On account of the spicules in the material from fox 
being equal and difference in the arrangement of the sessile papillae, the 
specimens appear quite distinct from these three forms and are accordingly 
assigned to a new species for which the name P. vulpineus is proposed. 

The two immature specimens collected from one of the dogs belong to 
Physaloptera. The specimen, under ecdysis, measures 8:5 in length and has 
a maximum breadth of 0:528. The cuticle has transverse striations. The 
two lips are fully formed. The oesophagus, in two muscular and glandular 
parts, measures 2.662 inlength. The nerve ring lies at 0.28 and cervical 
papillae at 0°53 distance respectively from the anterior extremity. 


The second specimen, in a more developed stage, measures 9 Di in length 
and has a maximum width of 0:58. The usual transverse striations are present. 
The lips are fully formed. The oesophagus measures 2 57 inlength. The 
nerve ring lies at 0:29, the cervical ‘papillae at 0:533 and the excretory pore 
at 0°57 distance respectively from anterior end. The rudiments of male 
genitalia, though formed, do not seem to be fully demarcated. 


(All measurements except otherwise stated are in mm.) 
(Figures 1—10 are saves lucida drawings) 
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P. fuelleborni—vulvar region of female. 
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Fig. 3 
Fig. 5 

Fig. 6, P. vulpinzus—caudal end of male. 
P. pulpineus—caudal end of female. 


P. vulpineus—anterior end. 
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Fig. 8. P.vulpineus—vulvar region of female, . 
Fig. 9.. P.sp.of dog—anterior end-of specimen under moult, 
Fig. 10. P. sp.—caudal end of (9) 


Fig. 11. Photomicrograph—cross section of stomach of “cat showing anterior 
end P. fuelleborni deeply burried in the gastric mucosa. 175 X 


STUDIES ON MICROFLORA OF THE RESPIRATORY TRACT 
OF POULTRY WITH SPECIAL REFERENCE TO PLEURO- 
^ PNEUMONIALIKE ORGANISMS* 


SATISH CHANDRA ADLAKHA 
Department of Pathology & Bacteriology, 
U. P. College of Veterinary Science & Animal Husbandry, Mathura, India. 


The present study was undertaken to investigate the bacterial flora of 
the respiratory tract associated with chronic respiratory disease (CRD) of fowls . 
“and to establish the incidence of infections caused by pleuropneumonialike 
organisms (PPLO) in our country by cultural and serological means, to find 
out the pathogenicity of these organisms and to suggest ways and means to 
control the disease (CRD complex) caused by them. 


The bacterial flora of the respiratory tract of 150 birds from a flock which 
had a history of CRD, comprised mostly of Gram negative organisms and 
PPLO. Coliform organisms predeminated the Gram negative isolates and 
formed about 51% of the total. Gram negative organisms seemed to play the 
role of secondary invaders in air-sac infection. No significance was attached 
to the presence of gram positive organisms. i ; 


" Six poultry farms located at Mathura, Delhi, Chak-Ganjaria (Lucknow), 

Bharari (Jhansi), Babugarh (Meerut) and Ingraham Institute (Ghaziabad) were 
visited during the course of this investigation. The flocks at all of these farms, 
except the one maintained near Ghaziabad were all heavily infected, more 
than 50% of the birds were reactors to the PPLO diagnostic serological test 
as found by the 1095 randóm sample survey. Surprisingly the Ghaziabad farm 
- was completely free of infection which was an encouraging observation. A few : 
serum samples réceived from one of the poultry farms in Andhra Pradesh were 
found to be positive, PPLO infection seems to be widespread in the country. 


A fairly high degree of correlation’ was observed between the results 
of cultural isolation of PPLO and serology which indicated the utility.of the 
rapid serological test for detécting overt or inapparent avian PPLO infections. 
Since infection with PPLO does not necessarily result in any clinical symptoms, 
serological testing was found to. be useful to determine ifa flock was PPLO- 
free. 


An interesting information was revealed when the ducks, maintained - 
with the fowls at some of the farms, were tested for PPLO infections. All were 
‘found to be culturally and serologically negative. The possibility was suggested | 


* An abstract of the Thesis submitted to the Agra University in partial fulfilment of the 
^ '  fequirement for the award of x V. 8c. (Vet. Sc.) degree in Bacteriology, May, 1961. 
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that either the ducks were resistant to such infections or they harboured strains 
antigenically different from the fowl strains. 


Broadly speaking, the biochemical and serological tests suggested the 
probable presence of potential pathogenic strains. Serological studies revealed 
2 types of PPLO strains, Haemagglutination (HA) + and HA —. Although HA + 
strains most probably represented potential pathogenic strairis, the HA negative 


strains could not be considered innocuous, since the only safe flock was a 
PPLO-free flock. 


The results of the pathogenicity trials suggested that E PPLO 
infection in chickens remained inapparent, was a relatively mild disease and 
. was accompanied by singificant positive serological reactions for PPLO. In 
combination with other known pathogens such as E. coli, they played an impor- 
tant role in the pathogenesis of such diseases as CRD and air-sac infection. 
Since the present experimental studies were conducted on a limited number of 
culturally and serologically negative chicks, the necessity of carrying out further 
studies on chicks, on a large scale, from a PPLO-free flock is indicated. 


The results of isolation of PPLO from embryonated eggs, young chickens 
and breeding hens suggest that some degree of transovarian transmission of 
PPLO does occur. However, the comparative freedom of chicks from PPLO 
infection, as compared to the adult breeding stock is suggestive of a method of 
breaking the cycle of infection. 


THE PRINCIPAL -MAGNETIC SUSCEPTIBILITIES OF RARE 
EARTH IONS IN CRYSTALS AT LOW TEMPERATURES* 


D. NgEocyt 
Physics Department, Agra College, Agra, 


Thotigh the magnetic studies on the rare earth ions in crystals are limited,. 
they go fairly well to show a significant departure from the free ion values and 
the uniqueness of their magnetic behaviour in definite contrast to those of the 
salts of the iron group of elements. In support of the first statement we may 
quote the large observed anisotropies of the crystals which clearly indicate that 
the ions are no longer free; and in justification of our second remark it may be 
pointed out that in the case of the rare earth ions the effective magnetic mo- 

ment is more or less near its free ion value showing the weak influence of 
the cry:tal field on the ions whereas the field acting on the ions in the salts of 
the iron group are so strong as to quench the orbital part of the moment 
almost completely leaving only the spin free., 


Unfortunately no concerted effort has been made towards solving these 

_ problems. While the ethyl sulphates have been studied quite exhaustively by 
paramagnetic resonance methods, not much work has been done to study 
their susceptibilities; on the other hand the hydrated sulphates for which consi- 
derable amount of magnetic data are present, little is known about their 
paramagnetic resonance phenomena. The theory of the ethyl sulphates is in 
quite advanced stage but no adequate theory has yet been worked out for the 
sulphates, mainly for the want of paramagnetic resonance data for these 
salts. Hence, in this thesis an attempt has been made to develop a theory in 
the same line as has been adopted for the ethyl sulphates (Elliot and Stevens, 


1953, Proc. Roy. Soc. 219, s but using the susceptibility values instead of 
PMR data. 


"The salient features of the theory with TET reference to the main 
differences from iron group ions are as follows: 


(1) The magnetic carriers are 4f and not 3d electrons. 


(2) The symmetry- ofthe field is entirely different and certainly not 
even nearly cubic. ` This was pointed out as long back as 1939 (Penney and 
Kynch Proc. Roy. Soc. 1939, 170, 112) when the cubic symmetry was found to 
be quite inadequate to explain the behaviour of sulphates. There is no X-ray 
data showing the crystal structure of these salts but from different conside- 
rations they are expected to possess similar paramagnetic units as those present 
in the Tutton salts. The ions seem to have six nearest neighbours arranged 


qe Summary of the thesis submitted for the degree of Doctor of Philosophy of Agra University. 
T Present address—Physics Department, Burdwan University, Burdwan, (W.B.) 
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in the form of an octahedron having a vertical four-fold axis of symmetry with 
a poses horizontal plane of reflection. 


(3) The crystal field splittings are much smaller in magnitude (100 cm-) 
than those in the iron group and in most cases lower than those produced by 
the spin orbit coupling. This does not imply that the fields in rare earth 
salts ate weaker but the effect of the field on the ion is diminished by the fact 
that,the 4f electrons lie deep inside the ion, shielded by the closed shells of 


5s and 5p electrons and partly because +2 values are smaller than those in the 
iron group. The field is thus taken as a perturbation on degenerate states 
which are eigenstates of J, the total angular momentum, unlike iron group 
where L and S are taken to be quantized separately in the crystal field, 
consistent field and consequently neglects the exchange effects between 
different atoms. This approximation is fully warranted in the case of all the 
magnetically diluted salts of the rare earth group such as those studied in this 
‘thesis. 


The matrix elements of the crystal field are obtained by the elegant. 


process of Stevens (Proc. Phys. Soc. 1952, 65, 209) and not by direct use of 
the Wigner co-fficients which is rather cumbersome. Special simplifying 
msthods had to be employed for solving the energy value problems of different 
ions. The susceptibilities are then calculated by using the expressions as 
given by Van Vleck (1932 ‘The on of electric and magnetic susceptibili- 
‘ties’ Oxford pub.). 


The outstanding advantage, that the maite studies on. the single 
crystals have over those on powders and, in the state of solution lies in the 
fact that these give direct information as to the nature ofthe field existing 
about the paramagnetic ion. It is true that all the paramagnetic units are 
not parallel and there will be some averaging of the contributions by the 
different units towards the crystal anisotropy, yet much information is gathered 
from this resultant anisotropy. Furthermore, a knowledge of this levelling of 
‘anisotropies obtained by comparing the theoretically deduced anisotropies of the 
paramagnetic units with those observed for the crystals, allows us to draw some 


useful conclusions regarding the orientations of the paramagnetic units inside 


the unit cell k the crystal. 


. .lf one loses sight of .the anisotropic behaviour of the crystal and is 
guided simply by the mean susceptibilities, he is apt to be-led astray in 
'developing a theory for the same, as it is seen that crystal fields appreciably 
differing in nature and strength may account for the same behaviour of 
‘the mean susceptibility; whereas, the anisotropies are found to be very 
‘sensitive to the symmetry of the fields and their strength and only a particular 
field with definite characteristics can explain the observed facts, Thus it helps 
in AOS the field PU, 


) 
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Penney and Schlapp (1932 Phys. Rev. 41, 194) and “Miss Frank 
(Phys. Rev. 193, 48, 771) fell victim to the same fallacy in trying to develop 
a theory for the rare earth ions in sulphates. They obtained a good fit 
= with the observed powder values which gave only the mean susceptibility, on 
the assumption of a cubic field. Existence of a cubic field essentially assumes 
isotropic character of the magnetic properties. of the crystal which the. 
measurements on the single crystals prove certainly not to be so. 


Therefore, while developing the theory in the present thesis main 
emphasis has been laid on the behaviour of the anisotropies of the crystals 
rather than on the nature of variation of the mean magnetic moments. 
However, it may beseen that a theory which provides a good explanation 
for the anisotropies, also accounts fairly well for the -mean moments. 


The single crystals of the octahydrated sulphates.of the rare earth 
ions Ytterbium, Erbium, Dysprosium and Europium having a general formula 
- Mx(SO,)3.8H,0 have been studied for their principal magnetic susceptibilities 
at-different temperatures from room temperature down to about 100°K i. e. 
within the range of liquid air temperature. 


The anisotropies have been measured by the Krishnan and Banerji 
‘flip angle’ method. The absolute susceptibilities are determined by an 
- electrodynamic microblance developed by the author using constant field 
gradient pole pieces of Dutta Roy. The facilities for the low temperature 
work were available to the author in the Magnetism Department Labora- 
tories of J.A.C.S., (Calcutta) through the kindness of Professor A. Bose of 
the same department. The substances used for preparing the crystals were 
of spectroscopic pure variety, especially imported from Johnson and Matthey 
Ltd. London. 


The results obtained both experimentally and theoretically allow the 
following conclusions to be drawn : 


(1) The observed anisotropies of all the four rare earth ions increase 
rapidly with the fall of temperature. In the case of Ert++ ion it is maximum; 
the value: at 1000K is nearly nine times the value at 300°K and hence 


2 z 
seems to follow (=) law. This shows that the principal magnetic 


susceptibilities in different directions increases at. different rates. In almost . 
all cases the increase of the mean susceptibility is slightly less than what 
should be expected of a free ion. Thus a small but progressive fall of the 
effective magnetic moments is observed for Ybt++, Ert++, DyH+ with lower- 
ing of temperature. '. 


(2) In the case of Eut+tion the increase of the mean susceptibility 
with decrease of temperature is very small partially due to the depopulation 
of the higher J levels which contribute towards the paramagnetism of the 


- 
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ion but mainly because of the large contribution towards the susceptibility, - 
of the second order Zeeman term (xj) for the ground state (J=O) which is 
independent of temperature. Consequently a sharp fall in the effective 
magnetic moment of the ion is observed which is not very much different 
from the expected free ion behaviour showing once more the ineffectiveness 
.of the crystalline electric field on the mean moment of the ion. 


(3) Attributing all the observed deviations in the magnetic behaviour 
of the ion in crystals from those of the ideal free ion state, to the 
splitting of the ground. state under the influence of the crystalline 
electric field possessing a tetragonal symmetry it is seen that the results of 
the magnetic measurements carried out on the ions Ybttt; Erttt, Dyttt 
and Euttt are explained quite satisfactorily. A theoretical quantitative 
estimation for the first three ions show a very good agreement with the 
observed behaviour of the anisotropies. Also the variation of the mean 
magnetic moment with temperature as calculated theoretically follow closely 
the experimental values. 


(4) While trying to derive the observed magnetic anisotropies of the ` 
crystals from the theoretical values, it: was necessary to assume certain definite 
orientations of the paramagnetic units inside the unit cell of the crystal. This 
is very significant in the sense that even without probing into the crystal 
‘structure by direct means such as X-rays etc., we are able to get some clue - 
to the same, simply from the magnetic measurements. 


(5) In general the values of the parameters co are found to decrease as 


we go from Dyt+++ ion towards Yb+++ ion in the rare earth series but no definite 
rule seems to hold for the same, unlike the case with the ethyl sulphates (Elliot 
and Stevens loc. cit.). The magnitude of rl decreases as we move down the 
table of the rare earth series and hence if the field strengths remain the same 
in all the isomorphous salts we should expect a gradual decrease in the 


Ce values as well, in moving from Cerium to Yetterbium, In the present in- 
0 


vestigation it is found that Co parameter which is quite large for the present 
series of salts does not seem to follow any such rule which hints to the fact that 


perhaps the second order field streugth varies considerably from salt 
to salt. 


(6) For Ert ion the calculated energy level separations do not agree 
well with the observed values of Meehan and Nutting though the order is the 
same. The low values of the crystal field parameters which may give rise to the 
observed levels do not explain the magnetic results. However, a further 
delicate rearrangement of the values of three parameters bringing about the 
desired agreement with both magnetic results and the absorption levels are not 
absolutely ruled out but such a possibility seems remote. In such a case the 
assignment of the observed absorption levels are to be questioned. 
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(7) In the crystals of dysprosium and ytterbium with the lowering of 
temperature an appreciable change in the direction of the magnetic axes with 
respect to the crystal axes have been observed. Though in the absence of 
any X-ray data a correct explanation to the above phenomenon is not possible, 
it definitelyindicates some change in the crystalline structure of the atom with 
change of temperature, the most probable change that may be expected to 
take place inside the crystal, is the variation in the orientations of the 
paramagnetic units in the unit cell. 


BACTERIOLOGICAL STUDIES ON MILK FROM COWS 
AND BUFFALOES WITH SPECIAL REFERENCE TO 


VARIOUS SEROTYPES BELONGING TO GROUP 
B AND C STREPTOCOCCI* 


S. N. BAKSHI} 
| Department of Pathology & Bacteriology, 
U. P. College of Veterinary Science & Animal Husbandry, Mathura. . 


The study under report was conducted to find out the microflora of 
udder milk from cattle and buffaloes. The investigation was specially aimed 
at' finding out the serotypic pattern of group-B and group-C streptococei 
and the antigenic relationship between tas various species belonging to group-C 
streptococci. 


During the course of the investigation 1102 quarter milk samples 
from 276 cows and buffaloes belonging to the: State organised herds located 
at Mathura, Madhurikund, Babugarh, Chakganjeria and Kalsi in the Uttar 
Pradesh were examined and 712 cultures of microorganisms were isolated. 
Streptococci isolated from milk were also received from Research Officer, 
Mastitis Investigation Scheme, U. P., Lucknow. The various organisms 
isolated were Str. agalactiae, Str. dysgalactiae, Str. Zooepidemicus, Str. — equisimilis, 
streptococcus group-E, streptococcus group-G, strepto coccus group-L, Str. Uberis, 
Str. bovis, Str. M. G., Str. thermophilus, Str. mitis, Str. acidominimus, Str. viridans, 
unclassified streptococci, Staph. aureus,. Staph. albus, Staph. citreus, E. colt, Kleb- 
siella aerobacter group, intermediate forms of coliform, C. pyogenes, C. bovis, 
Ps, aeruginosa, yeast, anthracoids and chromobacter. 


Str. equisimilis was found to be fairly well distributed in the various `` 
herds of the state and a significant percentage of its isolations were associ- 
ated with arise in leucocyte count of milk. | 


Streptococcus group-E is being reported for the first time in the country 
and this group does not seem to be widely distributed in the dairy herds. — 


The isolation of Str. mitis, Sir. M.G. and K e MISSED UR group from 
Tnilk is being reported for the first time in the country. | 


The non-haemolytic diphtheroids generally isolated from milk were found 
to be biochemically undistinguishable from C. bovis. | 





* An abstract of the thesis submitted as a partial fulfilment for the award of M. V. Sc. 
degree in Bacteriology of Agra University. 
n Present address—Rescarch Officer, Anima] Husbandry cia Uttar Pradesh, . 
Badshahbagh, Lucknow. 
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The haemolytic characters of various streptococci have been analysed. 
One strain of Str. agalactiae was found to be gamma haemolytic and all 
the strains of Sir. dysgalactiae were alpha haemolytic.. It is suggested that | 
in the systematic investigation of mastitis the colonies morphologically similar 
to streptococcus but manifesting alpha or gamma haemolytic characters should 
not be ignored. 


The role of various biochemical réactions in the classification of strep- 
tococcus is discussed. 


Camp activity was manifested by all the Str. agalactiae strains except 
one. Some strains of streptococcus group-E, Str. uberis and Str. bovis also 
exhibited this activity. The Camp activity of Str. bovis is probably being 
reported for the first time. 


- Fibrinolytic activity was observed in some of the Str. equisimilis. strains 
under study. It seems that fibrinolytic activity is a variable character in 
animal strains and irrespective of the source of isolation may be associated 
with the antigenic make up of the strains. 


Rise in leucocyte count of milk did not show complete parallelism. with 
isolation of pathogenic bacteria. It is suggested that in natural cases rise in 
leucocyte count above 200,000 per c. c. accompanied with isolation of patho- 
genic bacteria may be considered to be indicative of establishment of in- - 
fection after crisis. ) 


The serotype classification of the isolated Str. agalactiae revealed that 
serotypes la, III,-X and R exist in this country. The. record of serotype Ia 
-is interesting as it is generally associated with human infections and so far it 
has been reported only from United States from animals. Serotypes la, X | 
and R are being reported for the first time in India. 


Serological studies: of the various group-C species indicated that all the 
strains gave precipitation reaction with Wellcome Research Laboratories group-G 
sera as well as locally prepared sera against Str. dysgalactiae, Sir. zooepidemicus 
and Sir. equisimilis. The precipitation reaction. did not show any prallelism 
with slide agglutination reaction. Two strains of Str, dysgalactiae and 
six strains of Str. equisimilis did not show agglutination with Str. dysgal- 


‘actiae antiserum. Five strains of Sir. equisimilis did not agglutinate with - . 


Str. zooepidemicus antiserum. It was observed that Str. dysgalactiae anti- 
serum gave weaker precipitation (in tube or gel.) as well as agglutination 
reaction as compared with Str. zooepidemicus or Str. equisimilis antisera.” 


Studies on antigenic fractionation and serological relationship between 
Str. dysgalactiae, Str. zooepidemicus and Str. equisimilis were conducted by. 
precipitation test in tube and double diffusion in agar gel with thes sera Cross 
absorbed with the e T organisms. 


- 
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On the: basis of reaction with cross absorbed sera, Str. dysgalactiae could 
be divided into 3 types and Str. equisimilis into 5 types. The only strains of 
Str. zooepidemicus isolated was similar in reaction to the N. C. T. G.. strain. 


The antigen of Str. dysgalactiae giving precipiting reaction with absorbed 
sera I, II, IV and VI were trypsin and pepsin labile. 


The antigen of Str. zeoepidemicus giving. reaction with absorbed sera 
III and V was trypsin resistant but pepsin labile and was simlar to R antigen 
in nature. 


The antigens of Str, equisimilis giving reaction with sera I and III were 
trypsin and pepsin labile.’ The delayed reaction of trypsinised extract of 
N.C.T.C. strain of Str. equistniilis with sera III was due to the antigen R- 
The antigen giving reaction with sera V and VI was trypsin, pepsin and heat 
resistant and was polysaccharide in nature. 


The results of precipitation in agar gel indicated that in addition to 
the group specific C-polysaccharide, Str. dysgalactiae, Sir. zooepidemicus and 
Str. equisimilis shared tryspin and pepsin labile antigens, Str. zooepidemicus and 
Str. equisimilis shared a trypsin resistant pepsin labile antigen and Str. 
equisimilis had a trypsin, pepsin and heat resistant, species specific antigen 
resembling polysaccharide in nature. The type specific antigens of Str. 
dysgalactiae and Str. equisimilis were trypsin and pepsin labile. 


Str. dysgalactiae was found to be comparatively less pathogenic for mice 
than Str. zooepidemicus or Str. equisimilis. Str. equisimilis could be regularly 
isolated from the spleens of infected mice after fifteen days, but Str. dysgalactiae 
and Str. zooepidemicus could not be isolated. 


Str. zooepidemicus and Str. equisimtlis seemed to be poor portecting 
antigens, | 


This report about the antigenic relationship between the three species 
belonging to group-C streptococcous is probably the first of its kind. The 
presence of common protein antigens in Str: dysgalactiae, Sir. zooepidemicus 
and Str. equisimilis ; sharing of R antigen by Str. zooepidemicus and Str. equisimilis 
and the species specific polysaccharide of Str. equisimilis is being reported 
for the first time. i 


STUDIES ON THE ELECTRO-CHEMICAL DATA AND THE FORMA- 
TION OF FERRIC PHOSPHATE AND FERRIC ARSENATE 
COMPLEXES IN THE ESTIMATION OF IRON mM 
KMnO, IN THE PRESENCE OF HCI* 


TARA CHANDRA GUPTA 
Agra College, Agra. 


The estimation of iron salts can be very accurately done by titrating 
their solutions against KMnO, in presence of H,SO,. In presence of HCl 
this method of estimation does not give satisfactory results because the oxidation 
of HCI goes on simultaneously with the oxidation of ferrous salts. Hence the 
problem of the estimation of iron salts in presence of HCl attracted the 
attention of analytical chemists since 1880, and has been attempted by Krutwig 


and Cocheteux (1883), J: J. Hood (1885), A. Skrabal (1903), G. C. Jones and. 


J. H. Jeffery (1909), George J. Hough (1910), Manchot and Somasundarama 
(1955) who suggested alternative methods. Reinhardt-Zimmermann found that 
satisfactory results are obtained ifa mixture of H¿50,, H¿PO¿ and manganous 
sulphate: is added to the solution of ferrous salt in HCl prior to titration 
with KMnO,. This reagent is now commonly used for. the estimation of iron 
in iron ores which dissolve easily i in concentrated HCl. 


The action of Reinhardt-Zimmerman reagent in preventing the oxidation 
of HCl has been explained (i) on electrochemical aspect and (ii) on the for- 
mation of iron complexes. The former assumes that manganous sulphate 
lowers the oxidation potential and hence reduces the tendency of KMnO, to 
oxidise CU ions, and H¿PO, lowers the redox potential of Fett+/Fet+. The 
second consideration received support from the investigations of Weinland and 
Engsgraber (1913) and Bailar (1930) who suggested the existence of complexes 
Fe Fe(PO,)2].5H30, H,[Fe(PO,),].4H,O and H,¿[Fe(PO,)s], in the minerals 
strengite, phosphosiderite and koninckite, analysed by them. 


The formation of complexes H,[Fe(PO,)Cl,] and H,[Fe(PO,),]25H,O 


was also shown by L. Dede (1922) from conductivity measurements and his - 


conclusions were confirmed by Burno Ricea and Rosario Lamoniea (1934), 
Manganese and arsenic acid are also known to form complexes of the compo- 
sitions K¿H[Mn (PO,),.J5H,O and Na,H,[Mu(PO,)2]. and H;]Fe(AsO,)9] 
and H,(Fe(AsO,),] which are similar to those of iron complexes. 


In view of the importance of juetuliasdi Zimmermann reagent in the 
estimation of iron by KMnO, in presence of HCl the author studied the 
electrode potential developed in systems (1) KMnO,-H,SO, and (11) KMnO,- 


~, 





* This is an abstract of the thesis submitted to Agra University for the degree of Doctor 
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HCl containing manganous sulphate and H,PO,. The electrode reactions 
in KMnO, HSO, and KMnO, HCl systems revealed that the value of Eo 
RT is MnO, 9 (4H 
of Mar [H,O] 
KMnO,-H,SO, system and it remained constant at different concentrations of 
H,SO,, but in KMnO HCI system it showed appreciable fluctuations with the 
change in concentration of HCl. The unreliability of results in ferrous per- 
manganate reactions in the presence of HCl may be attributed to the 
variations in the values of Eo obtained from the changes in the equilibrium 
of MnO,”/Mat+* in the KMnO,-HCI system. . By studying the role of manga- 
nous sulphate and H,PO, i in KMnO,-HCI system it was observed that the value 
of Eo was appreciably stabilised. The effect of manganous sulphate and HPO, 
was slightly better than the manganous sulphate alone. From this observation it 
may be argued from red-ox potential considerations that the Reinhardt- 
Zimmermann reagent acts as a preventive in ferrous permanganate titrations 
in the presence of HCl due to the controlling effect of this reagent on the 
red-ox electrode potential, Eo, of MnO,-=Mot. 


was 1.5 in 





calculated from the equation E=E,t 


It has been further evidenced by my investigations that the Reinhardt- 
Zimmermann reagent also controls the ferrous permanganate titrations in the 
presence of HCl by forming ‘such complexes as Hj[Fe(PO,)Cl and 
H,[Fe(PO,),]. Similar formation of the complex also takes place with the 
H,AsO,. These complexes are soluble in water but can be precipitated as 
pale yellow or white compounds in aqueous alcoholic medium. 


By potentiometric titrations betwecn FeCl, and HPO, or HjAÀsO,, 
the points of equivalence obtained bear strong evidence of their combination 
in the molecular ratio of 1: I and 1: 2. Arsenic acid also combines with FeCl, 
in the same ratios to give the corresponding end points. 


The mechanism of the formation of ferric phosphate complexes is 
explained on the basis of electronic and atomic orbital theories. 


The aforesaid information has been utilised for the direct potentiometric 
titration of solutions of ferric salt in the presence of HCl against H ;PO,, or 
H¿AsOs, using cupferron or K,Fe(CN),as the external indicator; the ferric com- 
plexes formed in the reaction are precipitated by the addition of an equal volume 
of absolute alcohol to the acid solution taken in the beaker. The results are 
accurate within +0.5% if the titre values are multiplied by a factor varying 
between 1:02—1:04. The reliability of this method was determined by a 
comparison of the results of analysis of magnetite and yellow oxide of iron 
with those found by two other well-known methods—gravimetric as FeO, and 
volumetric in presence of Reinhardt-Zimmermann reagent---which were found 
to lie within 2.0%. Hence.the use of author’s method of direct potentiometric 
titration of FeCl, against standard H,PO, or H¿AsO,, using Fet++/Fet+ electrode 
is recommended for analysis of iron ores in industries as it seems to be quicker 
and vields reliable results as compared with other methods of estimatinn 


STUDIES IN.PARACHOR* - 


| SURESH GOVIND KHANDEKAR 
- | ij . Holkar College, Indore. 


Iquopgéno- 


‘In 1923; Macleod discovered a simple empirical’ relationship between 
surface tension ofa uquie (r) Se it's: dens (D), thus : 


- (D-d) 


Where ‘g’ is the density of the vapour at the same temp. at which ep 
and ‘D’ are measured. C is a constant, characteristic of the particular 


substance and is independent of temp. . over a considerable range. 


Sgae (1924) revised the equation id P 


Mri 
D-a), 


_ Where P is a constant, called'parachor and M is the molecular weight. 
In essence P becomes the-molecular-volume. At most temps., the density d’ 
of the vapour is negligibly small and may be neglected in comparision with 
*D'. Hence . 


Mr 


C am i iet 


D 


Sugden further showed by other considerations that parachor is really 
equivalent to molecular volume and that it is an additive property. He and 
his co-workers studied the parachor of a large number of chemical compounds 
(in particular those which were isomeric with similar constitution, belonging to 
different homologous series and involving various types of structures) and 


established parachor constants for different. -groups, atoms, valency bonds and 
structures. ME. mE x 


I have in my thesis used the Sugden's equation and his parachor values of 
atomic and structural parachors. 


_ EXPERIMENTAL 


The determination of parachor involves two essential parts of the experi- 
mental procedure: (a) determination of density in liquid state and (b) determi- 
nation of surface tension. I have used for my work, Sprengle's pyknometer 





* Summary of the thesis submitted to = Aga University, Agra for the degree of DNS 
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for measuring density, for it combines accuracy with suitability, whenever 
densities of pure liquids or solutions are required. The surface tension was 
determined by Jaegar’s method, which is based on the measurement of 
pressure, required to form air bubbles in a liquid, by means of capillary, 
immersed vertically in it. This method is advantageous because surface 
tension of any suitable liquid or solution can be measured at atmospheric 
pressure over a wide range of temperature, Besides, this method is simple and 
accurate. I have, therefore, used this method in my work. - 


The purity of substances used was tested before use. The apparatus was 
thought to be standardised when the observed values of parachor for standard 
substances, were in agreement witb the standard observed values by other 
workers, within a limit of 1%. The apparatus was then used for the investi- 
gation work. i 

PART ONE 
*PARAGHOR IN SOLUTION’ 


The first attempt to determine 'parachor in solution was made - by | 
Hammick and Andrew (1929). They used the formula: 


where Pm is the parachor of the solution and Mm and r the mean molecular 

wt. and sucface tension of the solution. D and d, the respective densities of 

liquid and vapour. Mm is given by : ! 
Mm=(l-x) Ms+x Mx 

where x and (1- x) are molecular fractions of the solute and the solvent and 

Mx and MS, their respective molecular wts., Pm was given by 


E Pm=(1—x) Ps +x Px l 
where Px and Ps are the parachors of the -solute and the solvent respec- 
tively. ] 


They used several different solvents and solutes, associated and non 
associated both and found that the value of Px was in some cases indepen: 
dent of x and in some others dependent on’ it, so that the real value of Px 
could be found by extrapolation of x==1. With water asa solvent they reported 
anomalous results. Thus they have shown that the mixture law can be used 
to find out the parachor of liquids in liquid mixtures. 


The same authors applied the mixture law to solid-liquid solutions and 
came to the conclusion that the parachor of solid in solution is lower by 30 
units. Ray came to the conclusion that solid-liquid mixtures obey the straight _ 
line mixture law. Bhagwat and co-workers have shown that the variafion 
observed by Ray may be due to experimental error and cannot be due.to the 

applicability of mixture law. In many papers published by Bhagwat and co- 
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workers, it has been shown that when a solid is dissolved in a solvent, the 
observed values: are in general a little lower than the calculated values and 
that they are independent of concentration. Thus the simple mixture law. 
holds good for them. 
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. The present investigation, was undertaken to study the variation in the 
application of mixture law, when the solute is a solid and when it is a liquid. 
1 have taken low melting solids and determined their parachor in pure liquid 
state by taking measurements above the melting point. The solid was dissolved 
in a suitable liquid and the parachor was determined at temps. below and above 
the melting point of the substance. It is thus-possible to compare the results 
of parachor for the same substance in a pureliquid state and when it is dis- 
Solved as a solid and when it is dissolved as a liquid. 


À summary of our piscari for parachor ofsome low melting subs- 
tances in different solvents for different concentrations and temps, is given 
below: 


Substance Observed IPx below Px above Calculated 

9 " M. P.?C. M-P > M. P. - Parachor 
Urethane 47 206:6 207:2 209:8 
Phenol .42 218:0 224:6 220-0 
p-nitrotoluene 52 291°9 293:0 | 3040 
P-Gresol "33 "2575 2370 2661 
P-toluidine 43 261:6 2739 271:4 
Benzophenone 42, - 4099 4253 428:0 
P-dichlorobenzene 53 262:4 277:1 281:5 
L- napthylamine 49 331:4 339:4 342:6 
O-nitrophenol 43:4 262:0 . 2731 283:0 
Menthol 41 433-1 4294 4161 


Out results indicate that the mixture law is applicable to both liquid- 
liquid and solid-liquid mixture, only in case of urethane, phenol, p-nitrotoluene 
and p-cresol. In these cases the parachor values, below and above the melt- 
ing point, are almost the same and that these values approach- the calculated 
values in case of urethane’ and phenol, while in the case of p-nitrotoluene 
and p- cresol, the parachor of the substance is low due to association. 


A 


However, in case of O baca p-dichlorobenzene, 
l-napthylamine and o-nitrophenol, the mixture law is applicable to liquid- 
liquid: mixture but not to solids dissolved in liquid. This may be due to 
greater-association in solid state. The behaviour of menthol is both peculiar 
and exceptional. E | 


In.cértain cases the - calculated values - are different from experimental 
values. The difference may be due to- association, ionisation, resonance or 
hydrogen bonding. indi 


me. | 


My investigation. also establishes the point, that concentration of the 
solution does not affect the parachor of the substance. 
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Part Two 
HYDROGEN Bonn AND PARACHOR 


It is known that under certain conditions an atom UP Hydrogen is attrac- 
ted by rather strong forces to two atoms, instead of only one, so that it may 
be considered to be acting as a bond between them. This is called the hydro- 
- gen bond. It is largely ionic in character, and is formed only between the 
most electro-negative atoms, The strength of the bond increases with the: 
“increase in the electronegativity of the two bonded atoms, The presence of 
‘hydrogen bond and it’s strength is. determined chiefly by studying the bond 
energy, the absorption spectrum in the infra red region or inter-atomic distan- 
ces by x-ray diffraction. Other physical properties like eae one 
and molecular wt. are also found useful. 


I have in my thesis, studied the formation of hydrogen bond by parachor 
method. I have attempted to investigate the formation of hydrogen bond in a 
number of compounds, from their paraclior values. Some of these compounds 
form strong hydrogen bond while others a weak hydrogen bond. I have 
also attempted to investigate, whether parachor method can be of use in 
distinguishing a strong hydrogen bond from a weak hydrogen bond. 


In calculating the parachor of solute in solution the mixture law of 
Hammick and Andrew has been used. | 


A summary of our results of parachor of investigated compounds with 
different solvents for different concentrations and temperatures is given below: 


SUMMARY 
Compounds Forming Strong Hydrogen Bond 


- Substance Calculated — . - ~ Observed- Difference 
Sr value value . -in value - 
. Methyl salicylate . 8341 32377 10:4 
Salicylaldehyde 2751 266:5 |. 86 
O-Nitrophenol 285:7 .272:9 12:8 
Acetic acid (Dimer) 2822 260°0 22:2 
Propionic acid ,, 360-2 340°0 20:2 
Benzoic acid ,, |» 5500 537-0 13:0 
Compounds Forming Weak Hydrogen Bond i 
O-Cresol 266-1 2573 8:8 
O-mono Chlorophenol 2657 2552 10:5 
Pyrogallol ! 267:1 257°9 ‘92 
Resorcinol 247°1 239°2 7:9 
. Hydroquinone 2471 237-4 9:7 
. . meta-Nitrophenol 2857 273:9 11:8 
p-Nitrophenol 2857 2737 12:0 
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It is observed that when a hydrogen bond is' present in the structure of a 
Substance, it’s parachor value shows a convincing and sudden drop of about 
ten units. In case alternate resonating structures were possible for these 
Substances, then there would be no change in parachor value or the difference 
in the observed parachor and calculated one would have been small. Thus 
parachor determination can decide between the resonating and hydrogen 
bond structures, if both alternate structures are possible. 


Our observations also clearly indicate that the parachor values fail to 
distinguish a One hydrogen bond from a weak one. 


. It is thus concluded that the parachor method is inadequate to deter- 
mine the strength of hydrogen bond. 


STRUCTURE OF ACETYL ACETONE 


Pauling has mentioned the formation of hydrogen bond in acetyl acetone, 
between the hydroxyl group and the adjacent oxygen atom of the ketonic 
group. It’s structure according to him is as follows : 


H 


CH, —C==C—C——CH, 


EN 


ge H----O 


I have determined the parachor of acetyl acetone in benzene, chloro- 
form, carbon tetra chloride, tolune, dioxane and methyl acetate at different 
concentrations and temperatures, and observed a constant value in solution 
of about 245:5, The calculated parachor is 247:2. Thus the observed values 
of parachor do not suggest the existance of hydrogen bond: ` 


The presence of a co-ordinate bond is indicated by a drop of 1:6 units 
in parachor. Hydrogen atom of hydroxyl group of acetyl acetone is known 
to be ionic in character being replaceable by metals, resulting. in compounds 
forming a chelate bond. It is possible that this largely ionic character of the 
hydrogen atom is responsible for the formation of co-ordinate bond instead of a 
hydrogen bond. Our observed parachor value corresponds with the formation 
of a co-ordinate bond, assuming that the parachor value of ring formation due 
to co-ordinate bond is zero, as in the case of ring formation due to hydrogen 
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Therefore the structure of Acetyl acetone should be as follows: 


Attention may also be drawn to some paper, already published (S. G. 
Khandekar et al, Tourn. Ind. Chem. Soc. 1952, 29, 37; 1952, 29, 301; 1952, 29, 
679 and Agra Unio. J. Res (Sct.) 1952, 1, 169, 1957, 6 53; 1957, 6, 55) as they 
throw further light on the subject. 


L4 
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VARIATIONAL PRINCIPLES IN HYDRODYNAMICS 
AND ALLIED TOPICS* 


s. C. GUPTA 
Mathematics Depariment, Indian Institute of Technology, Powai, Bombay. 


The thesis embodies an introductory chapter on the Calculus of Varia- 
tions and fivechapters more. The first contains a review of the various 
variational principles in Hydrodynamics and concerned topics formulated 
hitherto. The second chapter presents two variational prin^iples 
(related with each other) for the scalar wave equation. The third cLapter 
deals with the formulation of two variational principles for convective heat 
transfer. The’ first deals with the steady convection of heat in uniform 
channels and the second with transient heat convection in anisotropic media. 
Lastly a least square procedure for the variational principle in the anisotropic 
case is also given. In the fourth chapter three variational principles for - 
viscous incompressible magnetohydrodynamic flow have been given. The 
first two are restricted and the third a general one. The fifth chapter deals 
with two specific problems and is not connected with the previous chapters. 
The first problem is that of a flat plate moving broadside on slowly in a 
viscous liquid. The second is aresult concerning a non-linear elliptic partial 
differential equation in the theory of gas-lubricated bearings. . 


INTRODUCTION : añ 


Th's chapter briefly introduces the subject of the Calculus of Variations: 
This is required in the following chapters. The chapter starts with the 
classical problem of extremizing the integral 


boc D. l 
d 
T= F (x, J, DH) dx ane “ate "T" oan eet bus Js) 
f, dx 


where a and b are fixed quantities and continuously differentiable relations 
between y and x are admissible. The necessary condition (The Euler-Lagrange 
equation) for the extremum has been derived and sufficient conditions for 
weak variations have been briefly considered. 


Indications have been given that the problem can be EPRE in 
various ways. ! 


In order to consider the case of strong variations, the problem of vari- 
able end points has been presented briefly and the necessary conditions 
derived. Sufficient conditions have simply been referred to. The concept of 
the field of extiemals has been defined. The property, of the Hilbert's inte- 


* Summary of the Thesis submitted to the Agra University, Agra or the degree of 
Doctor of Philosophy in Mathematics, 
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gral that itis invariant w.th regard to the path of integration remaining confined 
to the field of extremals, has been proved. 


Lastly using the two concepts of the Hilbert's integral and the field 
of extremals, the Weierstrassian E function in connection with the integral I 
in equation (1) (when strong variations in y are considered,- is defined 
and criteria. for strong. maxima and minima have been very briefly described. 


The material for this chapter has been borrowed from the bibliography 
mentioned at the end. 


Chapter I 


REVIEW OF VARIATIONAL PRINCIPLES IN FLUID DYNAMICS, 
^. -MAGNETO- HYDRODYNAMICS AND HEAT TRANSFER: 


. This chapter gives a el and brief review of variational princ les 
dom es by various workers in the following fields. : 


we 


d Extrema principles: for perfect fluid fow, Here extrema principles for perfect 
compressible as well as perfect incompressible flow have been’ briefly given. 


2: Variational principles for viscous flow. Comparatively the Va 
+= + principles for viscous: flow are less in number. 


d Variational principles for Hydrodynamic and — ibit: The 
© work of Chandrasekhar, Woltzer and Friemian and Kulsurd has been 
, presented briefly. | | 


4, Variational principles for force-free fields in Magnetohydrodynamics. 
_ Some very interesting results (which have been arrived at in the form of 
variational formulation) by Chandrasekhar and Woltzer regarding 
force-free fields in Hydromagnetic systems | have been Even in the form 

of three theorems. 


9:. Variational principles in heat randy: ` A. general and brief review of 
variational principles in heat transfer (heat-conduction, heat-convection 
free and forced and :heat-radiation) has been presented. 


6. Variational principle for scalar wave equation. A brief account of the 
variational principle of Leech (which also gives a Lagrangian formulation 
of the problem by introducing generalized coordinates) is given. 


Finally it has been indicated how the work was motivated and what the 
cone and « extent ol the wor is. 


Chapter II 


: VARIATIONAL PRINCIPLE FOR SCALAR WAVE EQUATION - 
ua se , LAGRANGE FORMALISM << 


: It is well om that the scalar wave equation occurs in various 
branchés of physics. 
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| A variational principle for the scalar wave equation corresponding to 
| the requirement that the difference between total kinetic energy and potential 
energy may be as small as possible and using the concept of Hamiltonian 
density already exists in literature (Methods of Theoretical Physics, Vol. I, 
P. M. Morse & H. Feshbach). The canonical equations for the conjugates 
are not as simple as. those encountered in classical mechanics. The de- 
pendence of the Hamiltonian explicitly on the space variables x, y, z intro- 
duces the complexity. It is clear that-the canonical formalism is not suited 
for the development of statistical mechanics for phenomena governed by the 
wave equation in continuous media. i 


The variational principle of Leech (Classical Mechanics chapter 9, 
J. W. Leech, Methuen) is the analogue of the Lagrangian formulation in 
classical mechanics of discrete particles. In his formulation the generalized 
coordinates have been taken as functions of space variables as well as time 
and not of time alone. Using the notation of a functional derivative he expresses . 
the Lagrangian equations of the phenomenon ina form similar to the one in 
classical mechanics. But these equations are essentially ayes and do 
not convey further information. 


This chapter deals with the formulation ofa variational principle based 
on the concept of generalized coordinates, .and is slightly different from that 
of Leech. We consider generalized coordinates qr which are functions of t 

-> 
alone. A vector field H and a scalar point function V related to the wave 
— 
function ¢* are introduced. The variation 3H (depending’on 53qr) leads to 
the Lagrangian form of equations for qr which are identical with the equations 
in classical dynamics. This procedure has been developed by Biot (Jour. Aero. 
Sci. 24, 12, pp. 857-873, 1957), in his treatment of the transient heat- 
conduction phenomena. This formulation has a distinct advantage over the 
principle mentioned ealier because in this case Liouville’s theorem of a per- 
manent flow in the phase spacecan be easily proved. Moreover all the 
general methods developed in classical statistical mechanics are at once ap- 
plicable to the wave phenomena. The essential point of difference would be 
that the phenomena may depend on a countably infinite number of genera- 
lized coordinates. This approach is being followed at 1.1. T., Kharagpur, 
India by Joshi and Nigam. 


Thé formulation of the variational principlé equivalent to the wave 


equation is achieved as under. 


 * The wave equation is ç? Ad — 07d [0i where ġ is the wave disturbance or wave 
function, 5 ; 


232 Y) — ^ AGRA UNIVERSITY JOURNAL OF RESEARCH . | ` [Vol XII 


Ex 
A vector field H, a scalar point function V and a variational invariant 


9D are defined EY 





= | T o | 
$[$— V.H erem ee cem cem C 
_ P | | E 
V=4f “aT Tc 
i l H > : i 
and e D= ( x: QSH dT 2s s s ss (O) 
qa | 
1 being.the volume where the wave disturbance exists.. Also.we take 
— i , 
3H | (5) 
za =— V$ ..» ... one see t. ... (5) 


The variational principle is then stated as 
> > 
S5V+3D=/f $n SH dS .. .. .. ..(6) 
S 


where the surface integral extends over the surface S bounding the region | 
OE . 
T and n isthe unit inward drawn normal to the element dS of S. The 


principle can be shown to be equivalent to the wave equation. 


The latter part of the chapter develops the Lagrange formulation of the 
principle. Also it gives an alternative variational formulation in the Hamil- 
tonian form. Later canonical equations identical in form to the ones in 
classical dynamics have been derived by defining certain quantities called 
peudo generalized momenta. This prepares the ground for the development 
of a corresponding Liouville’s Theorem for phenomena governed by the wave 
equation. Some general considerations and procedures have been given 
together with: the introduction of the concept of normal and ignorable coordi- . 
nates. By way of illustration a one-domensional example (a string fixed at 
both ends) has been solved by the application of the principle, 


Chapter ITT 
. VARIATIONAL PRINCIPLES IN CONVECTIVE HEAT TRANSFER 


This chapter has been divided into two parts. The first part.deals 
with the formulation of a variational principle for convective steády heat 
transfer in uniform channels. Chambers [Quart. J. Mech Appl. Math. 9 
(1956),234] and Rosen [J. Chem. Phys. 21 (1953) 1220] have formulated 
variational principles for heat conduction in solids and heat convection respec- 
tively but they have not been exploited to. obtain solutions of specific 
problems. The recent work of Biot [J. Aero. Sc. 24 (1957) 857] is an excep- 
tion to this. He has formulated a variational principle for transient heat 
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MOM solids and has successfully applied it to some problems of flight 
structures, Biot has used the concepts of thermal potential, dissipation function 
and generalized thermal force to reduce the equations of heat transfer to 
equations of Lagrangian type. The principle is quité general and embraces 
a large category of physical phenomena. The physical phenomenon is 
considered to be represented by a vector field instead of a scalar temperature 
field. This permitsthe developments of new methods in heat flow analysis 
described in detail by him. Another attempt to use variational methods for | 
the study of fully developed laminar heat transfer in ducts, assuming the 
axial gradient of temperature to be constant, is due to Sparrow and Siegel 
[E.M. Sparrow & R. Siegel, Trans. Amer. Soc. Mech. Engrs. 81c-2 (May 
1959) 157-167] and the:cases of square and sector izle: ducts have been 
discussed, ' 


In a recent work Nigam & Agrawal [S.D. Nigam & H.C. Agrawal: Jour. 
Math. Mech., Vol. 19, No.6 (Nov. 1960) 869-884] have developed a variational 
principle for transient heat convection in isotropic media, and another for 
steady heat convection in uniform channels. The latter principle has been 
applied to the cases of slug and parabolic flow ina chaņnel with parallel 
walls, for large Peclet numbers: Agrawal (A.S.M.E. Publication, Paper No. 
60-WA-98, 1960) has applied the same principle for a duct of cular cross- 
section. Thisisa natural extention of the work of Biot. The results are 
found to be in good agreement with those obtained by exact methods. In the 
reference given above the axial heat conduction has been neglected and this 
leads to a simplication of the problem. In the variational formulation of 
this chapter this restriction has been set aside and a variational principle has 
been developed for the complete heat convection equation for channel flows. 
The treatment is valid for all Peclet numbers. | Lagrangian type of equations 
have been formulated for the thermal flow field using the concepts of thermal 
potential, dissipation function and generalized thermal force. The effects of 
surface heat transfer (by radiation from the surface of the tube) have also 
been included in the formulation. General procedures for obtaining solutions 
dr Lagrangian equations for plug flow where the thermal flow field is linearly 
dependent on the generalized coordinates have been given. The ideas of normal 
and ignorable co-ordinatés have been introduced along the same lines as in 
the last chapter. | 


.As an illustration, the "S of heat vata: for plug flow using 
normal coordinates has been solved,. and it is shown that the solution REISEN 
with the classical solution of the problem. 


The equation for steady and forced convection of heat in uniform chan- 
.nels for an incompressible fluid of constant heat (REEERE k and heat 
capacity c per unit volume is 


ve, Ar P | l 
Ho = te p UGR 2 2 2 2s () 
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where x axis is parallel to the generators of the tube. The tubular’ surface 
is given by | | 

f Q,2) =0 eee ee see m» see i se^ oon (8) 
U (y, z) is the fully developéd laminar velocity in the channel and (p is the 
viscous. dissipation function. 'The equation (7) represents a three dimensional 
steady phenomenon in the three variables x, y, z. We introduce a time-like 
variable ¿in place of x (=Uof) where Up isa ia VOR of the system. 
` Equation (7) becomes 

6 | 090 08 K 2909 

AS T» C73: USE 
where U =Upo, » being the dimension-less velocity. The equation (9) may be 
regarded as representing a phenomenon in two dimensions y, z varying with £. 
This interpretation helps in the formulation of an equivalent variational princi- 
ple. The two dimensional operator A is defined by, 


SD sk we a) i (O) 


sa NM. 

Vea um 

y -— í : 
where j and k denote unit, vectors in the directions of y and z respectively. 
Equation (9) becomes 

00 k 2% 

Pas (kV 9) =c0 ET aan ast (10) 
Define à vector field H, a thermal Rolcanal V anda variational invariant 
3D, — by 


= Tl ts es we HO us en xe a ae 0 


v-Lff, CDAS: de de dee uh oe ome a der db) 
3D= SS C ® a — k OH Ne SH dde e s (13) 
EI 
with 
| n" E | 
> Ə 
Y N= dE DE ue de dls ee adem ld due UA 


The integrals in (12) and (13) extend over a section A of the channel.’ The 
variational principle 1 is stated as 


i-a ff i n. SH ds ence cem cce cem cm e one CH) 
the line integral extending over Hnc tamaie curve C of the section LA of 


"€ 
the channel, n denoting an inward unit normal to an element of C. The 
principle in (15) can be shown to be equivalent to (10). 
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` In the second part of the chapter use has been made of- the concepts of 
a heat flow vector, a thermal potential, a dissipation function and generalized 
“thermal force and a variational principle for transient heat convection in the case 
of anisotropic fluid media has been developed. The equations governing the 
thermal flow field have been expressed in the Lagrangian form. The effects 
of surface heat transfer: also have been included later. 


Lastly a least square principle has also been given for the variational 
principle ofPart II. This gives a method, by which the order of ia! 
of solutions in various cases can be estimated. | 


wo 


Chapter IV l 
-VARIATIONAL PRINCIPLES IN MAGNETOHYDRODYNAMICS 


; This chapter deals with the formulation of variational principles for 
viscous incompressible hydromagnetic equations. The flow is governed by 
seven equations: the equation of continuity, three equations expressing the 
interactions of the magnetic field with the velocity field (modified Maxwell’s 
equations) and three equations of motion (modified Navier—Stokes’ equations). 
The magnetic field has to satisfy a supplementary condition that it is diver- 
gence free. “This is not an independent condition but is a direct consequence 
of the equations of electromagnetism. 


Three variational principles haye been formulated: two restricted 
principles and one general principle. In the first restricted variational 
principle the equation of continuity and the equations of motion are taken 
as admissibility conditions and the Euler-Lagrange equations of the principle 
turn out to be the three equations showing the interaction of the opne 
field and the velocity field (modified Maxwell’s equations). 


In the second restricted vatiatiousl principle the equation of continuity 
and the three equations showing the interaction of the magnetic field and the 
velocity field are taken as admissibility conditions and the Euler-Lagrange 
equations of the principle come out to be the three equations of motion of. 
magnetohydrodynamics. Ina way both of these principles can be regarded 
as supplementary to each other. For apart from the equation of continuity 
the Euler-Lagrange equations of one principle are the admissibility conditions 
for the other and vice-versa, It is assumed that the quantities. involved 
satisfy all the conditions with regard to continuity and differentiability (unless 
otherwise stated) so as to: enable the formulation to be possible. The spatial 
region within which the fluid motion is considered is of such a character 
that the application of Gauss’ Theorem is justified. 


"The third variational principle is a general one and does not assume 
any one of the seven equations as admissibility conditions. Use has been made 
ofseyen new auxiliary variables (apart from the physical variables) in forming 
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the Lagrangian density function (the integral of which is to be extremized). 
The first variation ofthe integral with regard to the auxiliary variables leads 
to the equations of hydromagnetics and that with regard to the physical 
variables, to equations which determine thé auxiliary variables. 


The appropriate boundary conditions in each case arealso derived. 
. Chapter V 


This chapter consists of two parts and is unconnected with the previous 
chapters. 'Iwo specific problems in ‘hydrodynamics have been solved, one 
in each part, 


In the first the problem of slow broad side motion of a flat plate in 
viscous liquid has been solved in terms of a function ¢ which turns out to be 
“the electrostatic potential of the plate kept at a constant potential in vacuum. 
The hydrodynamical problem thus reduces to a problem in electrostatics 
with known boundary conditions. The function ¢ satisfies Laplace’s equation 
and the boundary conditions can be expressed in terms of ¢. The problem 
corresponding to a disc of any arbitrary shape can be worked out by setting 
up an experiment based on this analogy. 


The method has been applied to the case of a circular disc by. intro- 
ducing transforms and solving the problem as a boundary value problem in 
electrostatics. ‘This problem has also. been worked out by Ray [M. Ray, 
Phil. Mag. 21 (7), 553-558 (1936)] by using an adhoc method, but the 
present method gives asystematic and logical approach to problems of this 
kind. It has distinct advantage over Ray’s method in which a correct form 
of the solution has to be guessed at the outset and later integral solutions 
have to be constructed which give desired discontinuity at the edges of the 

plate and this quite often is not easy. 


The second part considers a -boundary value problem for an elliptic 
equation in the theory of gas-lubricated bearings. 


The Reynolds’ equation for pressure in the theory of hydrodynamic 
lubrication for the case of a gas-lubricated slider bearing working under 
isothermal conditions presents an interesting boundary value problem. In fact 
when all parameters are expanded in a series of ascending powers of a small 
parameter, it is found that the zeroth approximation for the pressure satisfies a 
differential equation which is non-linear and elliptic. The boundary value 
problem associated with this equation may be formulated as follows: 

apa E jn c 0 o 
yapta E =0, VE $a ta y dott ew "uus “eee O) 
where a i$ a constant.. | 
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' The pressure p (x, y, o) satisfies (16) and assumes a constant value po 
on a simple closed curve Œ. Itis required to prove that p has the same 
constant value po everywhere in the interior of C. | 


This result has been used by Professor Saibel (R. P. I., Troy, N. Y. 
He presented the problem ina talk given in December 1959 at the Indian 
Institute of Technology, Kharagpur, India) in finding the next higher 
approximation for the pressure. 


The result has been shown by the use of a two dimensional analogue of 
Stokes’ Theorem. 


STUDIES ON THE PATHOLOGY OF PNEUMONIA AND ASSOCIA- 
TED PULMONARY DISEASES OF CATTLE AND BUFFALOES* 
JacpisH NARAIN DWIVEDI 


Department of Pathology ES Bacteriology, 
U.P. College of Veterinary Science & Animal Husbandry, Mathura, (India). 


Investigations on the pathology of pneumonia and associated pulmo- 
nary diseases in cattle and buffaloes were undertaken to study the gross and 
.histopathological variations in pneumonia, specially to find out the pulmonary 
lesions in subclinical stages alongwith the occurrence of the lesions of 
thoracic form of tuberculosis. The possibilities of, the hitherto unrecorded 
‘infections and other associated conditions of lungs and pleura were also 
‘explored in the animals slaughtered at various abattoirs of Uttar pacai, 
India. 


‘The histopathological studies were conducted on the samples of 250 
-cases collected from the autopsies performed in the department of pataoogy 
and Bacteriology and 1089 animals examined at five abattoirs. 


The gross involvement of pneumonic lesions varied considerably in 
nature and distribution. The consolidated pneumonic lesions were observed 
which were distributed in cardiac, apical ánd diaphragmatic lobes of 20 cases, 
over cardiac and apical lobes of eight cases and in cardiac lobe of only three 
cases. 'The rest of the pneumonic cases showed nodular patchy lesions 
distributed irregularly througout the various lobes of both the lungs. 


The lesions on microscopical examinations were categorised under follow- 
ing major heads having similar picture. The lesions of acute bronchopneu- 
monia were observed in eleven cases dying either due to pneumonia or 
complicated with pneumonia. The lesions similar to subacute and chronic 
bronchopneumonia were seen in twelve and seven cases respectively. Whereas 
acute suppurative lesions in lungs were much more common and were 
seen in twentythree cases, the chronic process of suppuration with slight 
degree of encapsulation was studied in 6 cases. | 


The mixed-granulomatous lesions with  actinomycotic bodies at the 
centre in a single case and bodies suggestive of actinobacillosis in three cases 
were recorded in the lungs of buffaloes. Septate, filamentous branching 
hyphae morphologically similar to Aspergillus sp. alongwith other hyphae 
probably those of Nocardia or Streptomyces were observed in a case of mycotic 
pneumonia with suppurative lesions. 





* This is an abstract of the Thesis submitted in partial fulfilment of the requirement for 
the Degrec of M. V. Sc. (Vet. Sc.) in Pathology of the Agra University, in 1961, 
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Multiple, small, caseous nodules in the lungs of a buffalo histopathologi- 
caly revealed mixed granulomatous inflammatory reaction with the organisms 
at centre. The microorganisms, because of the difference in size and staining 
reaction with Haematoxylin and Eosin stain, the presence of large nucleus, 
the Periodic Acid Schiff positive material in some of the cells, the cyst like 
structure of the some of the cells in necrotic area and the loose envelop 
surrounding them appeared to be amoeba probably Acanthamoeba. This may 
|» probably be the. first report of such lesion associated with Acanthamoeba. 


o Tuberculous lesions involving lungs, bronchial as well as mediastinal 
lymphnodes were observed in 16 animals. de 


In four specimens from the buffalo-lungs, mature flukes characterised 
‘by prominent cuticular spines, dendritic gonads and branched intestinal 
caeca were found embedded in dark brown consolidated nodules with varying 
amount of fibrosis and haemorrhages around the lesions. These flukes were 
identified as belonging to Fasciola gigantica and has been recorded for the 
first time in India. 


^ "A case of ossification with three cases of alveolar wall calcification in 
the lungs is also reported for the first time in Indian cattle and buffaloes. 
Cystic conditions of lungs were common and affected 21:895 of animals 
examined during the study and caused the replacement of the normal 
parenchyma of the lungs. Foreign bodies like needles were also recovered 
from two cases. l i 


Lymphosarcoma at the pleura of eleven buffaloes having nodular lesions 
and histopathologically masses of aggregated lymphocytic cells in varying 
sizes with congested capillaries and scanty stroma, were studied. In one 
case only the subpleural lung tissue was infiltrated with lymphocytic cells. 
"The thoracic lymph nodes of two cases were examined and revealed large 
‘pale germinal centre and cells resembling lymphoblasts. The nodules were 
separated by the slight amount of connective tissue and capillaries, 


i The occurrence of various pneumonic changes, tuberculous lesions 
in lungs and lymph nodes and lymphosarcoma at the pleura alongwith other 
pathological manifestations, as described above, in slaughtered animals clearly 
indicates: the necessity of undertaking further extensive work on the above 
problems. 


STUDIES ON OCCURRENCE OF SALMONELLA SEROTYPES . 
IN PIGS IN RELATION TO PUBLIC HEALTH* s 


B. D. MAKHOLIA 
Department of Pathology & Bacteriology, . 
U. P. College of Veterinary Science & Animal Husbandry, Mathura. 


The present investigation was conducted to find out the occurrence 
of salmonella species in pigs and to isolate salmonella species from human 
beings simultaneously from same areas from where pigs were examined. It 
was hoped that such a study would not only reveal the occurtence of salmonella 
serotypes in pigs but would also be helpful in elucidation of its epidemiological 
and public health importance. 


From pigs 780 faecal samples, 68 samples of mesenteric lymph nodes 
- and 77 samples of internal organs were .examined. The samples were 
collected from different localities of Mathura, villages nearby Mathura, 
Vrindaban and Central Dairy Farm, Aligarh. In case of human beings a 
total of 347 faecal samples were examined which included 11 samples from - 
clinical cases of diarrhoea. These samples were. collected from certain 
localities of Mathura, Civil hospitals at Mathura and Vrindaban and: 
hostels of Veterinary College, Mathura. 


Kauffmann's modification of tetrathionate broth was used as enrichment 
medium in combination with briliant green agar as selective mediuni 
throughout the course of this study. Modified MacConkey’s medium 
(Lactose replaced by Mannitol) used for purification of colonies from 
brilliant green agàr plates, was helpful in purification as well as differentiation 
of salmonella and proteus colonies. 


Salmonella genus specific *O'-1 phage and polyvalent serum (A to 53) 
were used for preliminary identification of cultures. By following .this 
procedure indentification of salmonella was considerably hastened and .at the 
same time it was helpfulin isolation of larger number of salmonella strains, 
than could have been possible by following routine biochemical tests. On 
the basis of “O”-1 phage lysis and polyvalent serum agglutination 123 
cultures were isolated and 96 of them proved to be salmonella on testing 
biochemically. Ninetythree cultures out of 96 were positive to both phage 
and polyvalent serum tests; one culture was negative to phage lysis and 

two- cultures were negative in agglutination with polyserum. Both *O'-1 phage 
and polyvalent serum gave a number of nonspecific reactions. Fourteen 
enis were encountered.in this study which were giving positive reactions 


* This is an abstract of the Thesis submitted in parts] fulfilment of the requirements 
for the Degree of M. V. Sc. in Bacteriology of the Agra University in 1962. _ 
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with both phage and polyvalent serum but did not prove to be salmonella on 
testing biochemically. It may be concluded that by using both *O'-1 phage lysis 
and polyvalent serum agglutinationtests, the chances of missing any salmonella 
culture are very: rare. But all cultures positive to these tests may not be 
salmonella. . | : 


Biochemical tests though lengthy were necessary for confirmation 
of the cultures, isolated: on the basis of two tests. mentioned above, as 
well as for elimination of cultures giving nonspecific reactions. A number 
of biochemical varients were encountered. One culture which was fermenting 
both lactose and salicin proved to be salmonella, such cultures have very 
rarely been reported. l 


Somatic and flagellar antisera were prepared for use in serological typing. 
Both slide and tube agglutination_tests were performed in typing of cultures. 


- In case of pigs 50 salmonella strains were isolated which included two 
strains from mesenteric lymph nodes and three strains from pooled internal 
organs. From human beings 46 salmonella strains were recorded including 
3 strains from clinical cases. In a total of 96 salmonella strains following 
20 serotypes were encountered. 
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As is evident from the above’ table eleven serotypes were Totea 
both from pigs and human beings; seven species including the new type 
S. vrindaban were recorded only from pigs. Two species S. dakar and S. tennessee 
were isolated only from human beings. This is the first record of these 
two species in India. The importance of epidemiological relationship of 
occurrence of salmonella in pigs and human beings is discussed. 


A STUDY OF VARIATIONS IN THE PHOSPHOLIPIDS OF MILK 
AND THEIR PARTITION IN MILK PRODUCTS* 


-—RajE Ser RAWAT 
|. S. K. N. Govt. College of Agriculture, Jobner, (Jaipur). 


Seay 


Phospholipids are the normal constituents of every living cell. Their 
discovery dates back to the early part. of the eighteenth century, although that 
milk also contains phospholipids was recognised as late as 1900. 


There is sufficient evidence. to show that the field of phospholipid study 
has been subjected to intensive investigation by numerous scientists in many 
parts of the world and considerable amount of scientific knowledge has been 
gathered in respect of the role of phospholipids in various biochemical and 
physiological ‘processes of. life. Nevertheless, one finds serious conflicting reports 
on the phospholipid content of milk on the one hand, and numerous gaps in 
our knowledge of the partition of these compounds in milk products on the 
other as a result of various natural and technological factors. This formed the 
basis of the present investigation, which aims at studying the variation in the 
phospholipid content of milk and their partition in milk products. 


The details of the programme of this investigation aré as under :— 
L Standardisation of the technique in respect of :— 
(a) The extraction of phospholipids from milk and ESL EE 


(b) The digestion of the phospholipid extract. 


(c) Quantitative estimation of phospholipid in milk and mik 
products, 


Prior to anything else, the steps involved in the use of Klett-summerson 
Photoelectric colorimeter for the estimation of phosphorus were checked 
and get. : / 


IT. Studies on the variation in the PRSSPROUPIS content of. milk 
due to :— — 


(a) Species. (b) Breed. 
(e), Individuality. | (d) Stage of Lactation. 
(e) Udder disorders. (f) Season. 

(g) Feed, | . (k) Processing of milk. 


( Ageing of milk. 


* Summary of the Thesis submitted for the degree of Doctor of Piceghy. of the Agra 
University in 1962. 
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III. Studies on the variation in the proprio content of curd as - 
influenced by :— 


(a) Heat treatment given to milk. 
- (b) Acidity development in the curd. 


IV. Studies on partition of phospholipids :— 
(1) Partition of phospholipids of milk between cream and cee 
milk as influenced by ye 


(a) Ageing. (b) Agitation of milk. 


2 (2) Partition of phospholipids of cream between butter and butt- 
" ermilk as influenced by :— - 


(a) Acidity of cream. , (b Washing of butter. 


(3) Partition of phospholipids of milk into Butte and -buttermilk. 
in the indigenous method of butter making. 


V. Studies on the transfer of phospholipids of butter to ghee or dry- 
butterfat as influenced by the following methods of manufacture ':— 
(1) Indigenous butter or curd-butter method:— 
(a) Direct-boiling-off process, 
(b): Pre-stratification process. 
(2) Cream butter method :— 


(a) Direct-boiling-off process. 
(b) . Pre-stratification process. 


Besides these- two methods of manufacture the stage of straining was also 
ea Bes 


VI. Variations in phospholipid content dirus storage of butter and 
ghee. | | | | 
| (1) Studies on the effect of metallic sonados on the phos- 

^ pholipid content of butter during storage at 40°F. 
(2) Studies on the effect of oxygen concentration on the phospho- 


lipid content and storage life of ghee stored at room tempera- 
ture (600-900F) | 


The results of this study and the don drawn are Summarised 
below :— 


I. Standardisation of the technique 


XN 


1. Instandardising the technique of colour estimation for the determina- 
tion of phosphorus in Klett-summerson-Photoelectric Colorimeter, it was found 
that consistent colorimeter readings could be obtained upto 15 to 20: minutes 
with aminonaphthol sulphonic acid stored upto 7 days in the refrigerator, 
after which period the reagent had to be prepared afresh. 
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.2. The Roese-Gottlieb method of extraction gave more consistent results 
than the Alcohol-ether extraction method. Extraction with alcohol-ether was 
found to be time consuming. Long time was required to evaporate the extract, 
sometimes 3 to 5 hours, which affect the results due to the insolubilisation 
of phospholipids in petroleum ether, ultimately resulting in inconsistent results. 


3. In digestion of organic matter with perchloric acid it was observed 
that occasional shaking hastened the process of digestion and spattering and 
explosions were avoided. 


r 


4. -Large quantities of perchloric acid was. required to digest extracts 
containing excess of fatty matter in the case of butterrand ghee or dry- 
butterfat as compared with the quantity of perchloric acid required in the 
digestion of the extract from milk. It was found necessary to neutralize 
the digested material and then add 1.2 ml. of perchloric acid to the material 
prior tothe addition of reagents for the colorimeteric estimation of phos- 
phorus. 


5. In the elution of individual phospholipids, it became essential to 
wash the MgO twice with. petroleum ether instead of washing once only, as 
in the latter case the MgO-methanol mixture did not separate clearly when 
centrifuged for the adsorption of the phospholipids on MgO. 


6. It was found that the hydrolysate containing the acid soluble phos- 
phorus (lecithin P), when digested with perchloric acid formed a white 
precipitate, which increased the colorimeter reading. In the estimation of ` 
lecithin P it was, therefore, necessary to centrifuge the material to settle the 
insoluble matter before taking the reading in colorimeter. 


II. Phospholipid content of Milk 

l. Species variations were prominent. The total phospholipid content 
of cow, buffalo, goat, and sheep milk was 30.15, 36.90, 43.85 and 43.04 mg. 
per 100 ml. respectively, which correspond to 0.0301, 0.0369, 0.0438 and 
0.0430 per cent wt./vol. On fat basis, the values were found to be 0.619, 
0.505, 0.933 and 0.740 per cent for cow, buffalo, goats and sheep respectively. 
Species variations were also found in the component phospholipids. The 
ratio of lecithin, cephalin, and sphingomyelin was 48 : 40 : 12 in cow, 40: 
48 : 12 in buffalo, 48 : 37 : 15 in goat and 48 : 39 : 13 in sheep milk. 


2. Variations due- to breed were not so wide as due to species. The 
total phospholipid content of the milk of Hariana and Sahiwal cows were 
31.61 and 29.90 mg. per 100 ml. respectively. 


3. Wide variations were observed in the phospholipid content of milk | 

_ from individual animals in the same breed. The total phospholipid content 

of milk from Hariana cows varied from 14.72 to 39.72 mg. per 100 ml. and 
from 0.3978 to 0.6017 per 100 gm. fat. 


m 
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4. The stage oflactation of the animal produces significant variations 
in the phospholipid contents. Colostrum’ from Murrah buffaloes had on an 
average 60.32 mg. of total phospholipids per 100 ml., which reached the 
normal value in 7 days after parturitión. On fat basis the value ranged from 
0.5668 to 1.2814 per cent. | 


From first month of lactation to the sixth month of lactation the 
average value -for total phospholipids in milk ranged from 35:71 to 39:81 
mg. per 100 ml. From seventh .month onwards upto the end of lactation 
there was considerable increase: in the phospholipid content of milk. This 
increase is attributable to the increase in the fat content and the decrease 
in-the size of fat globules. 


5. "Definite increase in the phospholipid content of milk was observed 
due -to udder disorder. The average. total phospholipid content of milk 
from normal quarter were 36:49 mg. per 100 ml. milk and 0:650 mg. 
per 100 gm. fat. From abnormal quarter of the same animal the average 
. values were 56:16 mg. pe: 100 ml. milk and 1:53 gm. per 100 gram fat. 


6. Season has been found to affect the phospholipid content in cow 
milk. Lower values in summer and higher values in winter months were 
recorded. Seasonal variations have been attributed to seasonal nature of. 
. calvings, most of the cows calving in February and March. 


7. The phospholipid content of milk was high when the animal were 
getting dry fodder, and low when they were getting plenty of green fodder. 


.8. No Significant effect of processing was observed on the phospholipid 
. content of milk. However, an increase in the phospholipid content of heat 
treated milk was found to be due to the concentration of the milk .and 
the consequent increase in fat per cent. 


9. No significant effect on the phospho ipig content of milk has been 
observed during storage for 12 hours. 


III. Phospholipid content of curd 


In studying the variation in the phospholipids of curd, it was - observed 


that there was no effect either of heat treatment given to md or of acidity ` 


development in the curd. 


| d Partition of Phospholipids 


l. Partition of phospholipids of milk between cream amd separated milk 
. was found to be affected by' ageing and agitation of milk prior to separation. 


"[he total phospholipids in cream (42°89 per cent fat) from fresh milk ' | 
were 0.1579 and in cream (46:17 per cent fat) from milk stored for 12 hours — 


Ú 


= 
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were 01553 per cent. On fat basis the values for the corresponding 
samples were 0:3680 and 0:3365 per cent. 


In separated milk the total phospholipids were 0:0124 and 0.0140 per 
cent from fresh milk and from stored milk respectively, and on fat basis the 
values were found to be 22:214 and 17.587 per cent CC 


In comparing the effect of agitation of milk on the: partition . of 
phospholipids between cream and separated milk, it was found that when 
the milk was put to sufficient agitation before cream separation, a much 
larger proportion of phospholipids: went with separated milk, 


Cream (39:45 per cent fat) from  unagitated milk. contained 0:1488 
per cent, and cream (46:17 per cent fat) from agitated milk contained 0:1210 
per cent total phospholipids. On fat basis the values for the corresponding 

samples were 0: 3768 and 0:2763 per cent respectively. | 


Similarly separated milks from unagitated and agitated milks contained 
0:0095 and 0:0162 per cent total phospholipids respectively. On fat basis 
the cores poncine values weré 23:00 and 36-04. 


2. Ina study on the partition of phospholipids of cream between 
butter and buttermilk, it was observéd that acidity of cream prior to chur- 
ning, and washing of butter affected the partition of phospholipids of cream. 


On churning sweet cream 40 per cent of the phospholipids went with but- 
ter while this amount dropped to 33 per cent in Case of sour cream. 


The total phospholipid contents on fat basis were found to be 0:1516 per 
_cent in butter from sweet cream (0:22 - per cent serum acidity), and 0:1265 
per cent in butter from sour cream (0:65 per cent serum acidity), The 
results suggest that sweet-cream butter will have greater. stability against oxi- 
-dative deterioration. - 

Samples of butter obtained without washing, with one washing, and 
with two washings contained 0:2464, 0:1743 and 0:1265 per cent total phos- 
pholipids on fat basis.” The results, therefore, suggest that too much washing 
of butter affects the phospholipid content of butter which may in turn affect |. 
the c keeping quality of the product. 


3. Ina study on the partition of viosehalisids of pl between butter 
and buttermilk in the indigenous method of butter making, it was found that 
Of the total phospholipids present in milk 35 per cent went with butter and 
60 per cent remained in.butter milk, and about 5 per cent are lost during 
washing and other operations. 


The total phospholipids in desi butter and buttermilk were found to be ^ 
- 0:1834 and 070162 per cent respectively. On fat basis the values for the cora . 
responding ix were 0:2093 and 21:57 per cent. 
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V. Transference of Phospholipids to Ghee 


1. The method of clarification of butter into ghee has ‘been found to 
affect the phospholipid content of ghee. 


2. Ghee from cream-butter obtained -by ‘direct-boiling-off process 
contained 0:136 per cent and that obtained by pre-stratification process con- 
tained 0:0938 per cent total phospholipids. 


Similarly from curd-butter ghee obtained by direct-boiling-off process 
contained 0:089 per cent and that obtained by. pre-stratification process ` 
contained 0° 078 per cent total phospholipids. 


3. Both in the case of cream-butter and curd-butter methods of ghee 
making, ghee obtained by direct-boiling-off process contained higher phos- 
pholipid content than ghee obtained by pre-stratification process. 


4. The -results suggest that other things being the same ghee with 
greater stability against oxidative aCe oreo can be obtained by direct» 
boiling-off process.  ' | , 


5. Ithas bes observed that de or dry poterat fiom the same lot of 
butter clarified under identical conditions contained more phospholipids when 
filtered hot (70°-80°C) than when filtered on cooling. The results suggest 
that by filtering ghee while ‘still hot, ghee with. superior resistence to oxidation 
‘can be produced. 


VI. . Phospholipids and storage -— butter and ghee 


l. Phospholipids of butter and ghee have been found to decrease 
during storage period. TEN 


2. Ona study ofthe phospolipid content of butter during storage’ 
period of 120 days, it was found that - iron and copper contaminations cata- 
lysed the decomposition of phospholipids of butter, 


3. Duringa storage period of six months, it was observed that there 
was little effect on the phospholipid content ofghee stored without any head 
space in the container, and of ghee stored on vacuumisation. 3 


4, Higher concentrations of oxygen and packing with carbon-di-oxide 
“affected the phospholipid content ofghee greatly, and reduced the induction 
period of the product. This leads to the conclusion that storage of ghee with 
container full to the brim does not affect the phospholipid content and incr- 
eases the keeping quality of the product. | 


5. It was further observed that the induction period of ghee during 
Storage is affected when the phospholipid content falls below 0:07 per cent. | 


J 
io 


STUDIES ON PATHOLÓGY OF CHRONIC RESPIRATÓRY 
DISEASE OF POULTRY* 


BALWANT Sincu** 
| Department of Pathology & Bacteriology, 
U. P. College of Veterinary Science & Animal Husbandry, Mathura (India). 


Studies on pathology of chronic respiratory disease (CRD) were 
undertaken to find out the various pathological changes and the degree of 
` involvement in naturally infected cases and to correlate them with cultural 
and serological findings wherever possible and to conduct the pathogenicity 
trials in chicks from pleuropneumonia like organisms (PPLO) free flock. 


The . present study was conducted on tissues obtained from various 
sources such as 2943 field cases under three months of age and 558 over 
three months from Poultry Farm, Mathura and some other places; 355 cases 
sacrificed at 147 days of age from the Department of Animal Genetics and 
‘Breeding, 75 cases from experimental birds kept in the Department of Patho- 
logy and Bacteriology. 


The sections were stained with usual haematoxylin and eosin stain | 
for routine histopathological examination and Periodic Acid Schiff, Maccalum 
Good Pasture’s stain and Jenner’s Giemsa stain were applied only wherever 
necessary. The gross pathological changes ranged from typical gross Hesron 
of CRD to no lesions. 


The histopathological examination of cases having typical gross lesions 
" revealed lymphofollicular foci and giant cell granulomas in lungs and air- 
sacs, diffuse mono-nuclear infiltration in trachea and air-sac; vacuolar dege- 
neration and tuboalveolar elongation of intraepithelial glands of trachea. 
These lesions were found to be variable in extent and degree of involvement. 
Similar microscopic lesions were observed in 52 cases out of 826 which did 
not show any gross lesions. 


The histopathological examination of 355 cases sacrificed at 147 days of 
age showing no gross lesions revealed lymphofollicular lesions in lungs 
and/or trachea in 130 cases, The vacuolar degeneration and tuboalveolar 
elongation of mucosal glands of trachea in 90 cases and diffuse lymphocytic 
infiltration in tracheal submucosa of 60 cases were noticed. The PPLO were 
Isolated from 225 cases and 68.cases were positive for PPLO agglutinins. 
Lymphofollicular lesions in lungs and/or trachea were found in seven out of 


* ‘This is the abstract of the Thesis submitted in partial fulfilment of the requirements 
for the degree of M. V. Sc. in Pathology of Agra University (May, 1962). 


»* Present address : Department of Pathology and Bacteriology, Punjab College of 
' Veterinary Science and Animal Husbandry, Hissar, Punjab. 
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nine birds obtained from Poultry Farm, Mathura and maintained in this 
Department. PPLO were isolated in seven birds and serologically only two 


were positive. No significant gross or microscopic lesions were observed in 
670 dead in shell embryos. 


The results of experimental studies conducted on PPLO free chicks 
indicated the desirability of carrying out further studies. 


‘The implications of gross and histopathological findings and their corre- — 
lation with cultural ` and serological examination is discussed. The necessity 


of carrying out further studies and the desirability of raising the PPLO free 
flocks are stressed. 


STUDIES OF ELECTRICAL AND MAGNETIC PROPERTIES 
OF THIN EVAPORATED FILMS OF COPPER, 
SILVER AND GOLD* 


V. V. SHAH 
Gujrat Gollege, Ahmedabad. 


SUMMARY 


The present work is undertaken with a view'to studying the electrical 
and magnetic properties of thin films of copper, Silver and gold, prepared by 
thermal evaporation of metals under vacuum. The work is directed to study 
in a systematic way the following important properties:— - 

(i) ‘Study of the variation of electrical resistance of thin films on an- 
nealing and calculation of the activation energies for the migration 
of point defects, from the observed changes of resistance with tempe- 
rature. 

(ii) Study of the variation of electrical resistivity and temperature. — 
cient of resistance with thickness of the films. 


(ili) Study of the variation of Hall coefficient with thickness and magnetic 
field. 


INTRODUCTION 


Sir J. J. Thomson! was the first to explain theoretically the observed 
high resistivity of thin films, on the assumption that the scattering probabi- 
lity of the conduction electrons increases when the dimensions of the con- 
ductor become comparable with the mean free path of the electrons. Later 
on Planck? proposed. an empirical formula relating the thickness to the re- 
sistivity of”: thin films. Other formulae have been proposed by Lovell, 
Appelyard and Lovell* and Weale®. An important. contribution in this 
field was made by Fuchs$ and Dingle? and a comprehensive review. of 
the subject is given by Sondheimers. More recent work on vacuum depo- 
sited films by Story and Hoffman? Neugebaur!, Buckel” etc. indicates. 
that -a substantial contribution to the observed high resistivity of thin films 
is due to the presence of lattice defects (such as vacancies, interstitials, dis- 
locations etc.). Further, it has been found that metal films deposited in va- 
cuum are in a state of high tensile stress. 


The experimental study of Hall coefficient in thin films is complicated 
because of the non-uniformity of the film surface and lack of accurate know- 
ledge of thickness. A theoretical treatment of the Hall coefficient in thin films 
“is given by Sondheimer!?, Steinberg!? observed a -low value (compared to 
.the bulk metal value) of Hall coefficient in thin films of copper and silver. 


' * This is a summary of the thesis submitted and approved for the Degree of Doctor a 
Philosophy of the Agra University in 1962, 
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Bonfiglioli et al! working on gold films found a maximum value of 
Hall coefficient at.about 300 A.U. thickness. The work of Cirkler!5 on eva- 
porated films of potassium indicates that the Hall coefficient increases with 
decreasing,thickness upto 50 A. U. thickness, and below this thickness there 
isa steep fall. 


EXPERIMENTAL 


An evaporation plant was designed and constructed for the preparation 
of thin films, with provision for heating the films under vacuum and at the 
same time measuring their resistance and temperature. The heating process 
helps in annealing out the imperfections and making the film free from tensile 
stress. The measurement of resistance under vacuum is preferred, since the 

properties of the films, when exposed to the atmosphere, are affected due to 
the adsorption and chemisorption of gas molecules by the surface of :the film. 


The films were deposited at room temperature, on ‘Gold seal’ micro- 
scope slides, by evaporating spectroscopically pure metals in a vacuum of 
nearly 10 5mm. of Hg., and using a liquid air trap. The substrates were, 
cleaned, first, by chemical methods as suggested by Strong!$, and finally by 
ionic bombardment and baking process (upto 200°C) under vacuum. The 
Substrate distance was always 15 cms from the evaporating source (a molyb- 
denum boat). A high vacuum metal cock was introduced between the va- 
cuum chamber and the diffusion pump, to avoid oxidation of the diffusion 
pump oil, during the initial stages of evacuation. The motions of the sup- 
porting rods for the furnace, discharge probe, thermocouple etc. were con- 
trolled by the use of Wilson seals. 


While annealing the films under vacuum, the resistance and tempera- 
ture were recorded at regular intervals of time. The resistance was measured 
with a Kohlarausch bridge in conjunction with a sensitive galvanometer 
(1075 amp./div.) and the temperature with a thermocouple placed in contact 
with the film. 


After heating the films they were taken out of the vacuum chamber 
and their D. C. Hall coefficient was measured with a precision Pye poten- 
tiometer (reading upto a micro volt) in conjunction with a multiflex galva- 
nometer (10 ? amp./div.). The primary current through all the films studi- 
ed, was nearly 40 milliamperes and. the field was varied from 800 to 23500 
gauss. Care was taken to eliminate the errors due to the presence of mis- 
alignment voltage, the Ettingshausen effect, the Nernst effect and Righi-Leduc 
.effect by using the current and potentialleads of the same metal as the film, 
and by taking four observations (for four different combinations of current 
and field directions) for a given current and field strength. Keeping in view 
the effect of finite length of the Hall sample, the ratio, length to Mem for 
' each film was maintained at nearly three. 
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at 15 KG, and beyond this field strength it again increases. However, for 
comparatively thinner films of copper (38, 54, 69 A, U. thickness), An did not 
show any maximum or minimum but increased slowly with increasing H. Simi- 
larly for the gold film of thickness 417 A. U. thickness An remained constant 
upto 15 KG, and then it was found to increase with increasing magnetic field, 


Experimental results and Sondheimer’s theory: 


For the thickness dependence of A,, , Sondheimer’s theory pridicts that in 
the limit of vanishingly small magnetic fields, A,, should increase above the’ 


bulk metal value as the film thickness decreases. This is not in agreernent 
with the experimental results given above. 


Similarly, for the field dependence of An, theory predicts that the Hall 
coefficient for different thickness should not vary very much for comparatively 
small magnetic fields but should approach the bulk metal value at very large - 
fields of the order of 10% to 108 gauss. This is again in disagreement with 
the experimental results mentioned above. 


This disagreement may be dus to the departure of the experimental 
conditions from those of ideal ones assumed in developing the theory. For 
example, Sondheimer’s theory assumes a massive metal film having perfectly 
plane and parallel surfaces. In actual practice, these conditions are not 
realised for the evaporated films, as has beea suggested by several workers 
(Pippard?*, Hzayens?), and heace the exoerimeatal results are bound 
to differ from those of ideal films. | 


In the second place Sondheimer's th:ory assumes that the conduction 
electrons are quasi fre» and a time of relaxation can be defined for their colli- 
sion with the ionic lattice of the metal. These considerations give rise to a. - 
finite magneto-resistance and field depeadence of Hall coefficient in thin films. 
However, the origin of these effects in thin films is different from that of such 
effects in bulk metals. The receat resul:s on skin effect in copper (Pippard?? 
and the de Hass-van Alohen effect in copper, silver and gold (Shoenberg?? 
strongly suggests that in these metals the free electron model is not valid. 
Further the magneto-resistance results obtained by Alekseevski and Gaidukov?? 
and Gaidukov*? for copper, silver. and gold single crystals are consis- 
tent,with the shape ofthe Fermi-surfaces of these metals proposed by Pippard 
and Shoenberg. : 


To sum up we may say that the assumption as regards the validity of 
free electron model in noble metals is not fully justified. 


The two-band theory (Jan9?!) and the experimental results: 


The two-band theory of bulk metalfor the variation of Hall angle (or 
Hall voltage) with magnetic field predicts that the Hall angle should increase 
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linearly with H (magnetic field) for small H; it should also increase lineatly 
with H for large H, but with a different slope. This prediction of the two-band 
theory is qualitatively in excellent-agreement with the experimental. results, 
obtained in the present work, and suggests that in noble metals the number of 
holes is not equal to number of electrons and that a theory of thin films based 
on the two-band model is likely to show better agreement with the experimen- 
tal results. l l | j 


. Further, in the light of Ziman's?? theory, the observed low value of the 
Hall coefficient in thin films (compared to the standard bulk metal value) sugg- 
ests that (i) the distortion of the Fermi surface in metals, in the form of thin 
films is greater than that in bulk metal, (ii) this distortion of the Fermi surface 
in thin films is minimum for a particular thickness and increases on 
either side of this thickness, and (iii) the magnetic field should produce larger 
distortion at smaller field strengths and should be less effective at larger 
field strengths. | 
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BOLBITIS EGENOLFIA'AND RELATED FERNS* 


| SURJIT Kaur 
National Botanic Gardens, Lucknow. 


The phylogeny and relationships of the genera Bolbitis and Egenolfia (Loma- 
riopsidaceae) are subjects of free disagreement between various Pteridologists. 
The morphology of these genera as well as that of the majority of the ferns 
with which relationships have been suggested, is little known and no two 
authors agree on the hypotheses of their possible affinity. Suffice it to men- 
tion that even as late as 1941, eminent Pteridologists like E. B. Copeland 
have strongly supported a Polypodioid affinity of the Lomariopsidoid ferns, 
claiming close relationship to such ferns as Phlebodium. Most authors, promi- 
nent among whom are Carl Christensen (1938) and R. C. Ching (1940), have 
been content to regard these as Aspidioid genera of doubtful relationships. 
Lately Copeland (1947) has revised his opinion regarding these ferns, conten- 
- ding that they are of Dryopteroid rather than  Polypodioid affinity. Accor- 
ding to Bower (1928) Bolbitis and Egenolfia are probably derived from Thely- 
pteroid ferns like Afeniscium and. Goniopteris, ‘On the other hand, Holttum 
(1947, '49, 54) considers them to be evolved from a Dennstaedtioid stock 
and has separated them from  Aspidioid ferns as a separate subfamily, Lom- 
ariopsidoideae. 

The present study embodies the result of investigations on .the morpho- 
logy of the sporophytes and gametophytes of all the Indian species of 
Bolbitis and Egenolfia. For comparisoa the morphology of the Dennstaedtioid 
and Dryopteroid: ferns with which relationship has been suggested by various 
Pteridologists (Dennstaedtia, Hypolepis, Microlepia, Acrophorus, Diacalpe, Lith- 
ostegia and Peranema) are studied. 

The rhizome is creeping,- slender and branched in Bolbitis, Egenolfia 
and the Dennstaedtioid ferns : itis erect, stout, and unbranched in the 
Dryopteroid genera. Basally attached, gland-tipped paleae cover the rhizome 
except in Dennstaedtia elwesti and Microlepia in which the rhizome is hairy. 
Glandular hairs occur marginally on the paleae in Bolbitis and Egenolfia and 
both marginally and supperficially in the Dryopteroid ferns. The paleae 
originate as uniseriate hairs in which the intercalary cells undergo longitudi- . 
nal divisions resulting in broadening. Roots occur scattered all over the 
rhizome, except in Bolbitis and  Egenolfia in which they are restricted to the 
ventral ROMS E 

The ground tissue of the rhizome in all the genera is parenchymatous 
though scattered in it are: present irregularly cylindrical sclerenchyma 
‘strands in Bolbitis (except B. presliana), —Egenolfia (except E. helferiana) and ` 


* This is an abstract of the thesis submitted and approved for the degree of Doctor of 
Philosophy of the Agra University in 1962. 
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the Dryopteroid ferns. The vascular cylinder is solenostelic with a charac- 
teristic, broad, gutter-shaped, ventral vascular strand and a small, dorsal strand 


. in Bolbitis and  Egenolfia, siphonostelic in the Dennstaedtioids and dictyostelic 


~ 


in the Dryopteroids. Leaf traces originate in closely placed, spiral rows 
around the stelar cylinder in the Dryopteroid genera. They are restricted to 
the dorsal surface and are in two alternating, closely placed rows in the 
Dennstaedtioid ferns as well as in Bolbitis and Egenolfia (more than two 
rows occur in the adult stage in many species). The leaf traces are simple, 
gutter-shaped strands in the Dennstaedtioid genera. In Bolbitis, Egenolfia 
and the Dryopteroid ferns trace to each leaf consists of a large number of 
cylindrical bundles. Branching of rhizome is common among the Dennstae- 
dtioids and the branch traces are usually simple, cylindrical strands unasso- 
ciated with the leaf traces and often unaccompanied by a branch gap. However, 
in Hypolepis they are associated in a characteristic way with each leaf trace, the 
branches originating from the leaf trace after the latter has separated from the 
stelar cylinder of the rhizome and associated with small adaxially placed branch 
gaps. In most species of Bolbitis and Egenolfia branch traces are associated with 
leaf traces, the branch trace arising from the abaxial side of the leaf trace either 
along with one of the bundles of the leaf trace or separate from it. In ' 
Bolbitis and Egenolfia there is also an association of a root trace to each 
branch trace. E 


The leaves are arranged in two alternate dorsal rows in Bolbitis, Egenolfia 
and the Dennstaedtioid genera though in some species of the former two 
genera additional rows of-leaves may be developed towards maturity. In 
Dryopteroids on the other hand they are spirally arranged. The leaf lamina 
is once. pinnate in Bolbitis and Egenolfia while it is bipinnate to ‘decompound 
in the other genera studied. Foliar vegetative buds occur superficially on 
the dorsal surface towards the apices of midribs of pinnae in most species 
of Bolbitis and Egenolfia, the terminal pinnae in some of the species being 
considerably prolonged and whip-like. Foliar buds are absent in the Denns- 


- taedtioid and Dryopteroid ferns. 


The stipe in Bolbitis and Egenolfia possesses two, median, dorsal grooves 
on the adaxial surface : a «single median adaxial groove occurs in the 
Dennstaedtioid and the Dryopteroid ferns. Irregularly scattered sclerenchy- 
ma strands, similar to those in the rhizome, occur in the stipe towards 
its base in B. crispatula, E. asplenifolia and the Dryopteroid genera. Few of 
the outermost layers of the ground tissue of the stipe are progressively thick 
walled, the thickening increasing in the outer layers. In Acrofphorus and 
Peranema the epidermal and 2-3 layers of hypodermal cells are thin walled. 
Prominent aerenchyma strands interrupting the outer shell of thick walled 
cells occur on either side of -the stipe, except in Egenolfia and Dennstaedtia. 
Vascular bundle of the stipe is single and gutter-shapedin the Dennstaedtioi- 
deae :a number of slender, cylindrical vascular strands arranged in a circle 
occur in Bolbitis, Egenolfia and the Dryopteroid ferns.. The venation is Gon- 
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iopteroid in Bolbitis, but is free with a midrib . bearing alternate lateral veins 
in the others. Multicellular, uniseriate hairs are present on the lower surface 
of the lamina in all the genera. Mixed with them occura few small paleae 
in Bolbitis and Egenolfia. The simplest juvenile leaf is obcuneate with a 
shallow terminal notch'in Bolbitis and Egenolfia, broad with deeply, lobed 
outer margin in the Dennstaedtioid ferns and broadly obcuneate with an 
apical notch in the Dryopteroid ferns. The juvenile leaves bear club-shaped, 
multicellular hairs. in Bolbitis, Egenolfia and the Dennstaedtioid genera (also 
acicular hairs in the Dennstaedtioids) and unicellular, papillate hairs. in the 
Dryopteroid genera. 


Extreme dimorphism of the fertile and sterile leaves characterise 
Bolbitis and Egenolfia: the fertile leaves are similar to the sterile ones in the 
Dennstaedtioid and Dryopteroid genera. The fertile lamina ofthe former 
is highly reduced with acrostichoid distribution of sporangia and its venation 
pattern is simpler than that of thesterile lamina though of the same funda- 
mental type. The sori are circular, at the apex of the veins in the Denns- 
taedtioid and subapical on the veins in the Dryopteroid genera. Among 
the former they are protected by a cup-shaped indusium in Dennstaedtia, 
half cup-shaped indusium in Microlepia and by the reflexed margin of the 
leaf in Hypolepis. In the latter group they are protected by a globose indus- 
ium that ruptures irregularly at maturity : the sori in Peranema are stalked 
and the indusium splits along a vertical slit-like opening. The sporangial 
stalk is two cells thick except at the capsule base where it becomes three 
(sometimes four in Lithostegia) cells thick by secondary development of a 
usually short row of cells from the basal wall cell abutting on the stalk. In the 
Dryopteroid ferns usually the 3rd row of cells extends nearly up to the base 
of the stalk.. Short, club-shaped, multicellular foliar hairs occur mixed with 
the sporangia in all the genera and in some cases (Acrophorous, Diacalpe, 
Lithostegia and  Egenolfia vivipara) occur attached to the sporangial stalks, 
The hairs in the Dryopteroid ferns are unicellular and more or less balloon- 
shaped. 


The spores are monolete and enveloped by a characteristically folded 
perine in Bolbitis, Egenolfía and the Dryopteroid genera. The perine is reticulate 
in Egenolfia but is generally psilate or granulate in the others. Spores of 
| Dennstaedtioid ferns on the other hand are devoid of perine. They are trilete 

. in Dennstaedtia and Microlepia but monolete in Hypolepis. The exine is usually 
palate or Branalate (verrucate in D. elwesii and spinate in Hypolepis). 


t The mature prothallus is cordate and massive in all genera. It is hairy 
in the Dryopteroids while in the others it is usually naked. In some species 
of Bolbitis. and Egenolfia thé prothallus has the tendency to elongate, .often | 
becoming ' strap-shaped. The mature prothallus bears sparse, 2-4 cells long, 
curved, marginal hairs in E. sinensis. In the Dryopteroid genera the prothallus 
bears unicellular hairs .very profusely, the hairs being present from the 


| 
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filamentous stage of development: onwards. In all the genera studied the gr 
» prothallus develops from -a 4-6 cells long germ filament in which the 
anterior cells divide longitudinally to form a prothallial plate. An obconical © 
apical meristématic cell is established soon afterwards and is replaced by a 
` multicellular meristem when: the apex of the thallus becomes. cordate. In 
Dryopteroid ferns (except Acrophorus), the terminal cell of the germ filament 
usually ends in a hair and stops growth. Then.the pues cell continues ` 
growth. and the process may be repeated. : | 

A phylogentical evaluation of the € nn fotos of Egenolfia 
and Bolbitis is attempted. Trends of evolution among the different species 
of both the genera are traced and it is concluded that probably there are 
at least three lines of specialisation within the genus Bolbitis: one line is 
characterised by progressive condensation of the rhizome, the rhizome beco- 
ming short and thick as in B. subcrenata and B. virens and finally developing 
` more than two rows of leaves as in B. deltigera. In another set of species 
represented by B. diversifolia, B. heteroclita and B. subsimplex the tendency is to 
have a long creeping rhizome which is slender and with two-ranked leaves 
in the early stages, but later on- becomes vertically climbing, stout and bearing | 
three or four rows of crowded leaves. A third line of- specialisation is 
characterised by conspicuous reduction in the size of the plant and reduction 
of sclerenchyma.strands of the rhizome, as in B. presliana. Of these three lines 
of specialisation the different species of Egenolfia share the tendency for 
condensation of the rhizome and subsequent development of more than two. 
rows of leaves, as well as the tendency for reduction in size ofthe plant ir in 
some species. | 

The salient morphological features of Egenolfia and Bolbitis are cómpared 
with those of the Dryopteroid ferns, the Dennstaedtioid ferns, Cyclosorus, 
Polystichum and Elaphoglossum. An attempt is made to determine their 
probable relationship to these ferns. It is concluded that Bolbitis and Egenolfia 
are closely allied genera and together are related to Elaphoglossum, the three 
genera being probably derived from acommon ancestor. With regard to 
Cyclosorus, Polystichum, the Dryopteroids and the Dennstaedtioids, detailed 
morphology of the `sporophyte and gametophyte does not appear to support 
the Aigat of any cloze relationship to Bolbitis and: Egenolfia. 
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A NOTE ON THE GENITALIA OF SPHRACEPHALA HEARSEYANA 
WESTW. (DIOPSIDAE : DIPTERA)* 


J. L. NAYAR AND SANTOSH K. TANDON 
School of Entomology, St. John’s College, Agra. 


INTRODUCTION 


This paper deals with the morphology of genitalia of Sphracephala hearseyana 
Westw. and is in continuation of the earlier two papers (Nayar and Santosh 
K. Tondon, 1962 A and B) on the morphology of head capsule and wing vena- 
tion. Singh, Nayar and Tandon (1962) have studied the thoracic morphology 
of this fly. Account on other systems will follow in subsequent papers. 


MATERIAL AND METHOD 


The Diopsid flies for this work, collected from the leaves of Phoenix 
sp. (Palm) and Ageraium sp. during September and middle of October, mainly 
from the Botanical Garden, St. John's College, Agra, were partially decolou- 
rised by chlorine fumes, washed through the grades of alcohol and finally 
dissected in canada balsam’ for detailed study. Diagrams were drawn with 
the help of camera lucida. The terminology followed here is after Van 
Emden and Henntg (1956). 


THE MALE GENITALIA 


The morphologists refer the appendages of the post-abdomen as genitalia, 
hypopygia, genital apparatus, l'armature genitale, armature copulatrix, gesch- 
lechtsanhauge, terminalia, pygidia etc. as reported by Metcalf (1921). In 
Sphracephala heatseyana Westw. the hypopygium (Figs. 1,2,3 and 4) has been 
formed by the highly modified ninth abdominal segment. ‘Normally the termi- 
nal end of the abdomen remains curved downwards so as to make the genitalia 
lie ventral to the seventh abdominal segment. The eighth segment is greatly 
reduced and does not contribute towards the formation of the genitalia. The 
absence of spiracles on the ninth segment render the differentiation of tergal 
and sternal portions impossible. Nevertheless ninth tergum or epandrium 
(T,) seems to be represented by a highly sclerotised, horse-shoe-shaped piece 


bearing styles (SURS) and claws (CLW) at the inner margin of the termi- - 


nal end of the horse-shoe-arms. Lundbeck (1916) and Nayar (1961) are of 
the opinion that the style bearing segment represents the ninth segment in 
Diptera. ‘Metcalf (1921), however, considers it to be a ‘urite’a term deno- 
ting the segment with indistinguishable tergum, and thus assumes that the 
whole structure behind the eighth tergum alongwith the styles and claws 
represents the tenth tergum in Syrphidae. Berlese (1909) believed that the 


first apparent segment of the abdomen in Deptera is the actual third so the 


* Contribution No, 113 from the School of Entomology, St. John's College, Agra. 
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terminal segment may well þe called as the eleventh segment but Ferris (1950) 
on the other hand holds that the first apparent abdominal segment is in 
reality the second in Diptera, a view which has been supported by Singh, 
Nayar and Tandon in Sphracephala hearseyana Westw. (1962). In view of 
Ferris’s interpretations it is evident that the hypopygium really represents 
the ninth abdominal segment. 


The ninth tergum or epandrium (T,) posteriorly bears a pair ofapzendages 

called the surstyli (SURS) which have been differently called by various workers 
as mesostyli, appendage I, claws, and forceps inferiores. Each surstylus 
(SURS) is a bent, lobe-like structure with strongly convex inner margin and 
concave outer margin, . They act as claspers and are beset with fine bristles 
along the concave margin. Lateral to the surstylus (SURS) at the base there 
is present a small claw (CLW) which appears io be tactile in function, Along 
the interior surface the ninth tergum bears a pair of cerci representing the 
tenth segment. Each cirrus (CRS) is a spindle-shaped’ structure covered all 
over by fine prominent bristles. Cirri lie parallel to one another along their - 
inner margin. 


The ninth sterniteor hypandrium is modified into a complex of the 
penis sheath (PS), inferior lobes (IL), superior lobes (SL), the sustentacular 
apodeme or phallapodeme (SUSA) and the chitinous box (CB). The penis 
sheath is cylindrical, heavily chitinised at the caudal end, but relatively 
weakly sclerotised at the cephalic end. It is articulated to the posterior 
border of the sternum by its basal rim, the cephalic half of which is semi- 
circular but caudal half is pointed. The lingula (LGA) or the heavily sclerotised 
- caudal part of the penis-sheath bears apically the inferior and the superior lobes 
(IL & SL), superior lobes being disto-caudal in position to the former. The 
aedeagus (AED) or the penis proper also known as phallus or theca or appen- 
dage III or the intromittent organ is an unpaired median structure represen- 
ting a part of the ninth sternite or hypandrium (Sy). Distally the penis is 
modified into a heavily chitinised hood-like structure called the chitinous box 
(CB) by Berlese (1909). It carries the ejaculatory orifice (EJAO) at its apex. 
The sustentacular apodeme or phallapodeme (SUSA) has been referred to as 
the double apodeme by Wesche (1906) and he considers it to be a paired 
organ in many families of Diptera. In Sphracephala hearseyana Westw., however, 
it is a simple rod like structure extending to the base of the chitinous box 
(GB). It possibly works as a supporting organ during copulation and apically 
bears sharp, fine ridges or keels (K). 


THe FEMALE GENITALIA 


The eighth and the ninth segments cf the female abdomen constitute 
the so called telescopic ‘ovipositor’. Snodgrass (1935) calls it the ‘substitutional 
ovipositor' in Diptera. The eighth tergum (Figs. 5 and 6 ; T,) is sclerotised 
only laterally and bears ventrally two distinct plates, the gonopods (GPD) of 
Ferris (1950), enclosing centrally the vulva (VLV). These plates are conne- 
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.cted at their bases by a transverse sclerotised bar, probably representing the 
subgenital plate of Snodgrass (1935). The ninth tergum is membranous 
bearing postero-laterally a pair of lobes which are covered with bristles. * The - 
ninth sternum (S,) is also membranous, bulging into a thin pad-like hemi- 
spherical lobe meant probably for securing anchorage on the leaf at the time 
of oviposition. 


SUMMARY 


The hypopygium are the modified ninth abdominal segment, and comp- 
rise the surstyli, claws, cerci, penis sheath, inferior lobes, superior lobes, the 
aedeagus, the ejaculatory apodeme, the sustentacular apodeme or phallapodeme 
and the chitinous box. The female genitalia are formed by the eighth and 
ninth segments, the female genital opening lying between the gonopods of the 
eighth sternum. 
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i AED—Aedeagus; CB—Chitinous box; CLW—Claw; CRS—Cirrus; EJAO-—Ejaculatory 
opening; GPO—Gonopod; IL—Inferior lobe; K—Keels; LGA—Lingula; PS— Penis sheath; 
Sg—Sternumg; SL—Superior lobe; SURS—Surstylus; SUSA—Sustentacular apodeme; T,— 
Tergumg; Tyg—Tergumg; VLV—Vulva. 

Fig. 1. Male genitalia (semi-diagrammatic). 


Fig. 2. Dorsal view of the terminalia. 

Fig. 3. Aedeagus and associated structures. 

Fig. 4. Ventral view of the terminalia with the acdeagus removed. 
Fig. 5. Dorsal view of the female terminalia. 

Fig. 6. Ventral view of the female terminalia, 
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MORPHOLO GY AND STERILITY OF THE POLLEN GRAINS 
OF SUB-TROPICAL PLUMS 


S. N. SINGH 
Horticultural Research Institute, Saharanpur. 


It has long been known that in many plant species, the apparently nor- 
mal flowers produce some amount of defective pollen and that it is unusual to 
find pollen which is 100 per cent morphologically perfect.** The varying 


proportions of defective pollen have a direct bearing on the fruitfulness of a 
variety. | 


Dorsey? and Griggs® reported a low pollen fertility in Japanese 
plums (Prunus salicina Lindl); while Flory and Tomes® studied the appear- 
ance of plum pollen and stated that pollen sterility is a character which 
may be used as an indication of species relationships. Randhawa and Nair! 
reported total pollen sterility in the variety Alucha Yellow under Delhi 
conditions and suggested the examination of its pollen in other localities. 
They also found a wide range of size variation from 86°4 to 105:8 microns in 
the pollen of five sub-tropical plum varieties. 


The observations of above workers prompted the author to undertake the 
study of the morphology and sterility of the pollen of the plum varieties 
being grown in the sub-tropical conditions at Saharanpur with a view to elucidate - 
the information about their pollen condition. It was also thought desirable 
tolocate the total and partial-male sterile plum varieties for suggesting their 
interplantation with suitable pollenizers. 


MATERIALS AND METHODS 


Healthy and comparable trees of thirteen varieties of country plums 
(Prunus salicina Lindl.) and seven imported plums growing at the Horticul- 
tural Research Station, Saharanpur, were selected for the study. The pollen 
grains from freshly dehisced anthers were collected after anthesis and moun- 
ted on slides in methyl-green glycerine jelly according to the method devised 
by Wodehouse.1* For describing the pollen grains, Erdtman's system of 
classification* was followed. The size of the normal and perfect grains was 
measured in the polar view along the longest spore axis with the help of a 
Zeiss Ocular 10 X micrometer, whereas in the case of sterile and imperfect 
grains, only the maximum length was recorded. 


The pollen sterility of each variety was examined in the middle and 
end of the blooming season by the aceto-carmine staining reaction. Under 
the microscope, the fertile and normal grains looked plump and deeply stained, 
while the sterile and imperfect ones appeared shrivelled, empty and unstained. 


- 
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The number of these grains in. 20 random fields on four slides was counted: 


separately and the percentage of sterile pollen was calculated. While examin- 
ing the slides, care was taken to include fields lying at the peripheral regions 
of the cover-slips, since the abortive pollen grains often tend to accumulate 
near the periphery. | | 

mE OBSERVATIONS 
A. Pollen Morphology : l 


(a) Symmetry, Aperture and Shape—The: mature and normal pollen 
grains of all the varieties were similar in morphology. In the natural dry 
state, they were ellipsoidal, while in methyl-green glycerine jelly mounts they 
readily took moisture, expanded and became oblately flattened and angular 
in outline (Fig. 1). 
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Fig. l.. Pollen grains of plum Jamuni in methyl-green glycerine jelly mount, X 556. 
S=Sterile and F= Fertile grains. 


The pollen grains were isopolar, fixiform, radiosymmetric and 3-aper- 


turate. The position of apertures was equitorial with angulaperturate amb-type. 


The grains were 3-colporate. The.exine was fairly thick and finely striate. 
The shape of the pollen grain was sub-prolate and they were observed to 


shed at the 2-celled stage. 


(b) Size—Normal and abortive, both types of pollen "T were 
found to occur in all the varieties in varying proportions. The average diame- 
ters and size-ranges of the pollen grains of the pup) varieties are summarized 


in Table 1. 


A perusal gf Table 1 none that the average diameter of all the plum 
varieties lay between 33:33 to 38:94 microns, indicating negligible variation. 
The range in size varied from 29°7 to 46:2 microns. Of all the varieties, 
the average lengths of the pollen grains of Howe and Excelsior, were the 
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Excelsior and Howe obtained in the present studiés resemble closely with 


those reported by Randhawa and Nair! and slight variation in some 
cases might be attributed to climatological factors. 


While investigating the causes of total male-sterility in Washington navel 
orange, Osawall, Webber!? and Frost? reported it to be due to the 
degeneration ofthe primary sporogenous cells or the pollen-mother cells. Dorsey? 
has found that disintegration in the plums usually occur after the libera- 
tion of the tetrad from the pollen-mother cell. On the basis of these observa- 
tions, it may be concluded that in the plum varieties with usually low percen- 
tage of defective pollen, the degeneration occurs in the process of the 
development of the male gametophyte. Sterility of the pollen has also been 
recognized as a condition frequently associated with hybridity and generally 
the wider the crossing, the greater is the degree of sterility encountered.!? 
Flory? held the same view in plums and stated that the general level of 
pollen sterility depends on the degree of hybridity. The high percentage of 
pollen sterility of the plum variety Excelsior is due to the fact that it is a 
hybrid of the cross Prunus triflora Roxb. X P. munsoniana W. & H. This view finds 
its further support from the observations made by Randhawa and Nair.” 

The other plum varieties, viz., Large Red, Kabul Greengage, Alucha Yellow and 
Howe with high percentage of sterile pollen may perhaps have originated as 
‘chance seedlings’ from natural crosses. It will be interesting to study the 
meiotic chromosomal behaviour of these varieties which may elucidate the 
possible causes of total and partial male sterility. - 


+ 


SUMMARY 


l. The perfect and mature pollen grains of the sub-tropical plum 
varieties were 3-colporate, sub-prolate and similar in morphology, while the 
sterile grains were devoid of protoplasmic contents. 


2. The average diameters of the normal pollen ranged from 33:33 to 
38:94 microns and they belonged to the medium size spores class. The average 
lengths of defective pollen varied from 19°47 to 21:78 microns. 


3. The plum varieties—Dwarf Early Yellow, Large Yellow and Late: 


Yellow produced 100 per ceat defective pollen, while varieties Large Red, 
Kabul Greengage, Howe, Alucha Yellow and Excelsior exhibited high grades 
of pollen sterility indicating partial male-sterility. These varieties need to be 
interplanted with suitable pollenizers for optimum fruiting. 
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TABLE 1 
Size of pollen grains of plum varieties. 
Normal pollen grains 
No. Varieties ale Colles, | 
Range in size in | Av. diam. grains in E 
p in p 
A. Indigenous Plums 
l. Alubokhara Large 29.7—39.6 35.97 20.13 
2. Alucha Black 33.3—39.6 - 36.63 21:12 
3. Alucha Red 33.3—46.2 35.97 21.12 
4. Alucha Yellow 29,7—39.6 34.32 20.46 
Dis Dwarf Early Yellow Total Male sterile 21,12 
6. | Early Large Red 29.7—39.6 33.99 20.13 
75 Early Round 29.7—39.6 E 34.32 19.47 
8. | Jamuni 29.7—42.9 36.96 21.78 
9. | Kabul Greengage 83.3—39.6 35.31 18.81 
10. Laddak 29.7—39.6 37.29 21.12 
il, Large Red 29.7—36.3 33.39 20.46 
12. Large Yellow Total Male Sterile 19.80 
13. Late Yellow Total Male Sterile 20.46 
B. Imported Plums 

14, Alpha | 29.7—39.6 34.32 20,79 
15, Excelsior 33.3—46.2 38.28 . 20.79 
16. French Red 33.3—39.6 35.64 21.78 
17. Howe 33,3—46.2 38.94 21.78 
18, Kelsey” Japan 29.7—36.3 34.32 21.45 
19. Santa Rosa 33.3—36.3 34.98 21.78 
20. | Prunus simoni 33.3—39.6 34.65 21.12 
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TABLE 2 
Percentage of pollen sterility in plum varieties determined 
by aceto-carmine staining reaction 
Per cent pollen 
sterility* 

S. Varieties 

No. Remarks 
adboom aai oo VOS 
A. Indigenous Plums 

Ls Alubokhara Large 28.09 32.06 30.07 

2. | Alucha Black 14.79 20.64 17.7] 

3. Alucha Red 20.69 24.63 22.66 

4. | Alucha Yellow 36.11 43.08 39.59 

5. Dwarf Early Yellow 100 .00 100.00 100.00 Total male 
6. Early Large Red 14,69 | 16.45 15.57 pas 

E, Early Round 10.04 12.06 11,05 

8. | Jamuni | 13.43 19.22 16.32 

9. | Kabul Greengage 79.66 81.47 80.56 

10, Laddak 22.19 24.08 23.41 

ll, Large Red 79,83 83.84 81.83 

12. | Large Yellow 100.00. | 100.00 | 100.00 | Total male 
13. Late Yellow 100.00 100.00 100.00 quuni ue 

B. Imported Plums iuri 

14. | Alpha 12.84 15.09 13.96 

15. | Excelsior 34.35 35.83 35.09 

16. French Red 24.44 82.14 28.29 

17. Howe 41.10 46.41 43.75 

18. Kelsey's Japan 12,94 15,21 14,07 

19, Santa Rosa 28.10 383.56: 30.83 

20. Prunus simoni 15.15 21.29 18:22 


* Based on more than 500 pollen grains, 





STUDY ON EXTENSIVE ATR SHOWERS OF COSMIC RAYS 
IN THE ENERGY INTERVAL 1014 E. VOLTS TO 10* E. 
VOLTS AT NAINI TAL 


Part I 


B. N. SRIVASTAVA 
Assistant Professor 0f Physics, D. S. B. Govt. College, Naini Tal. 


GENERAL INTRODUCTION 


When Cosmic rays enter the atmosphere, they produce nuclear inter- 
actions with the nucleus of the atmospheric gases, In these high energy colli- 
sions the Primary Cosmic ray particle loses a small fraction of its energy in - 
multiple z-meson production. At large energies K-mesons, hyperons and 
nucleon-antinucleon pairs might also be produced. The Primary particle con- 
tinues to produce successive nuclear reactions till its energy degradation is such 
that further meson producing interactions become impossible. The secondary 
mesons and antinucleons produce further nuclear reactions, decay or get 
annihilated. A nuclear cascade process thus develops around every high 
energy primary that enters the atmosphere. In case of low energy primaries 
of energy = 101 e. volts, this cascade is quickly absorbed into the atmos- 
phere before striking the ground (except for a few p-mesons that posses large 
penetrating power and relatively larger life time). 


The situation is different at primary energy S10% e. volts. The nuclear 
cascade continues to develop upto larger depths into. the atmosphere and 
showers of secondary particles can be observed at mountain altitudes as well 
as sea level corresponding to the primaries of energy 10" e, volts. 


In meson producing collisions at least one-third of the mesons are s?- 
mesons. These mesons play a very important part in the production of the elec- 
tronic cascade 7°-mesons decay almost instantaneously into two photons. Through 
pair production, annihilation ard bremsstrahlung, the electron cascade develops 
so rapidly that for all practical purposes the electron cascade dominates over all 
other constituent particles of an air-shower. Hence although the shower is initiat- - 
ed and constantly fed by nucleonic component, its main part consists of clectrons 
and photons. It is because of this fact that the old results of electron cascade 
theory still remain valid for calculations of density distribution of charged 
particles. However, there are some other important features which clearly 
prove that shower generating particles are different from electrons or Photons 
arid are nucleonic in nature. Some of these structural features which throw light 
on the detailed behaviour of showers have been studied in this Laboratory. 
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Introduction—The object of the work undertaken since 1958 was to 
study (a) the anisotropy, ifany, in the direction of arrival of the primary 
particles in solar as well as sidereal time, (b) the nature of the energy spectrum 
of these particles, (c) Absorption coefficient of the showers through the study of 
Pressure coefficient and its correlation with the energy exponent of these show- 
ers, Present paper deals with the technique of study of Extensive Air Showers 
with G. M. Counter-arrays. Some results obtained regarding the flux of differ- 
ent energy showers, the energy spectrum and the pressure correlations of 
showers in solar time are presented in this article. 


Efficiency of G. M. Counters as particle density selectors—The probability 
that a G. M. Counter records a density A of particles depends upon the area 
of the counter. | 


A.a 


P= (Ie ) where a is the area of the counter iud A the 


density of particles. 


If n counters of the same area are connected in coincidence, then the 
probability for recording n—fold coincidence becomes; 


| po 
Pa (A, a) = (I—€ Jyn.. .. ae. (Ref. No. 4) 


The coincidence rate which is proportional to the above probability and 
the density distribution function will be; 


a 
Ry =K ine JD. x F (A), where K is some cons- 
tant depending upon the source strength and the efficiency of the instrument. 
In case, the source strength is constant and the counter efficiencies remain the 
same, K becomes a constant. ; 


If one uses triple coincidence trays of the same effective area, the coun- 


ting rates will be; 


R,—K(I—e TA F (A) 


In case of showers the density distribution function is very well known; 
Y(A)dy —K' AYIA 


Hence the triple coincidence rate will be; 


poko 


It can be shown that about 80% of the triple coincidence rates are recorded 
px um s d ; : 
for which A Do which means that for a given effective area of counter 


trays, the trays will record showers of a certain average density preferentially. 
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Lateral distribution function of shower particles and estimation of energy —A 
detailed theory of lateral distribution function has been given by Nishimura 
and Kamata (1950, 51, 52)1,2,3. A simple approximate relation has been 
used here for our analysis. ‘The distribution of shower particles from the core 
N f (r) 

Ro? 
from the core and the age of the shower, N is the total number of charged 
particles and ro is the cascade length in meters. An approximate relation 


EET 
Ts rae 


(Galbraith—1958)5. 





out-wards is given by; A(r)= where f(r) is a function of distance 


also gives the density distribution fairly accurately 


The total number of particles associated with a shower striking an 
array of triple coincidence counters separated by a distance and placed at the 
corners of an equilateral triangle can be estimated. But the total number of 
charged particles at the shower maximum are related with the Primary energy 
as follows:—E a 1010 X N e. volts (Galbraith—1958)5. Hence the energy of the 
Primary producing the shower can be estimated. 


Energy estimation from the Lateral distribution function—If a shower strikes the | 
array of triple coincidence counters, its core might be either lying outside 
-the triangular lattice or inside. 


The distance of the core from all the three counters will be smallest 
when its core falls at the centre of the triangular array. The average density 
recorded by the trays will therefore be given by; 





d 
- -~ !._N € vaRo 
A> a7 27 Ro d 
E si 
] d 
E 
or N v3 y “Ro 


The energy of the showers will be; 
| d 


10 
ES 1010 N S e PR, “10 c. volts, 
7 | 


3 





The energy of showers recorded by arrays with various distances of sepa- 
ration of counter trays of different areas has been theoretically calculated. 
The table 1 below gives the details. Fig. 1 (a) shows how the energy recorded 
by an array changes with distance of separation and with the area of trays. 


For the selection of a particular geometry one is left with not much of 
choice as the space available in the Laboratory has to be utilised for erection 
ofarrays. We selected counter trays of 500 sq. cm. area, The distance of 
separation was taken to be 8 meters, 20 meters, 30 meters and 45 meters for 
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four groups of energy selection. The counters were placed on the roof of the 
upper Physics Lab. of D.S.B. Govt. College with a few gm cm* of wooden and 
metallic covering. The absorption due to this factor was accounted for in 
the energy calculation. ' 


TABLE l 


Energy of showers in 101% e, volts for various distances of 




















separation 
Sl. | Area of Trays 
No. 
10 m. | 20m. | 30 m. | 40 m. | 50 m. | 100 m. 

I 100 sq. cm. 6.94 | 15.34 | 25.43 137.47 | 51.75 170.07 
2. 200 sq. cm. 3.47 7.67 | 12.72 18,74 | 25.72 85.04 
da 300 sq. cm. 2.31 5.11 8.48 | 12.49 | 17.25 56.69 
4 400 sq. cm 1.74 3.84 6.36 9.37 12.91 42.52 
5 500 sq. cm 1.39 3.07 5.07 7.49 | 10.35 34.01 


A 
9 


` 


160 Fig [ENERGY RESPONSE OF ARRAY FOR Various 
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S 
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Experimental arrangements—Initially two triple coincidence arrays with a 
separation of 8 metres and 20 metres were used to select 5.4 x 1014 and 3.07 x 
1015 e. volt showers. The area of the trays was 470 sq. cm. each. 
‘The counter trays were placed under the roof of the upper Physics Laboratory 
of the Physics Department. There was some absorption of shower particles 
_due to some matter above the trays. This caused an upward shift in the 
energy.of showers recorded by arrays and rates were naturally reduced. This 
factor was later investigated by taking the counters on the roof with minimum 
covering matter and using the same geometry. . 


In order to investigate 5 x 10B.e, volt and 1015 e. volt showers as well, 
a multiple array of four trays was used. The diagram below gives the layout 
of the counter trays. i 





GM- Tray -3 — - 
Fia.1 G.M. COUNTER ARRAY 


nt 


The counter trays (1,2,3), (2;3,4) and (1,2,3,4) were arranged in coinci- 
dence. These coincidences were recorded on a H. B. pen recorder on 24 hour 
time scale. The three group of coincidences corresponded to three different 
energies of showers. Thus showers of energies 3.07x10%%, 5.07x10% and 
8.9 x 1015 were simultaneously recorded by this array. 


Electronic Circuits—G.M. Counters manufactured by T.I. F. R. Bombay 
were used in the present work. With a suitable electronic quenching circuit 
(with 6-AK-5 tube in Neher Harper Circuit) the performance of the counters 
was satisfactory. 


"The working voltages of counters were checked daily to make sure that 
counter conditions remain the same. All supplies L. T. as well as H. T. 
were electronically stabilised so that the voltage fluctuations were exti emely 
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- small. The local A. C. Mains supply was also stabilised by using a constant 
voltage transformer. 


The voltage pulse after the — 6-AK-5 quenching cathode follower circuit 
was brought to a central recording point through RG 11/U cables. These 
pulses were not of the same size and were attenuated differently. An ampli- 
fier and invertor stage was therefore used with each tray and all the pulses 
were brought to thesame size and form before feeding them to coincidence 
circuits. 'The details of one such recording channelis given in Fig. 2 below 
and the circuit layout for the complete array is shown in Fig. 3. 


+ 2 
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RECORDER 
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Fig 3 BLOCK DIAGRAM OF RECORDING CIRCUITS 
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Frux qr High ENERGY PRIMARIES 


Showers in the energy groups 5.44x101% e.v., 3.07.x1015 e. v., 5.07 
x1015 e. v, and .89 X10!* e. v. have been recorded by separate groups of 
counter trays inthe combined array. From the shower rates, the integral 
flux of particles producing these showers has been determined, Table 2 below - 
gives the details of the analysis. 








TABLE 2 
Sl. Counter Effective Energy Rates of Flux of primaries 
No. | Separation arca of recorded showersfhour. in No. of particles 
the array in e. volts cm-3 sec—1 
in m Sterad—1 
l. 8 meters 67.4 15 .44x 1014 15.74-+ .140 10.125 4.09 : 
x 10-? 
2. | 20 meters 346.2 3.07x 1015 16.28+ . 145 2.044.018 
x 10-9 
3. | 30 meters 803.8 5.07x 1015 15.55-+ .143 8.4--.08 ^ 
x 10-10 
4. | 45 meters | 1588.8 .89x 1016 7.054 .095 1,934 .026 
x 10-10 





The effective area within which the shower axes are to fall so that they 
might be recorded by a particular group of counters in the array has been 
taken to be the area enclosed by a circle drawn with three G. M. counters 
on its circumference. The solid angle from which the showers arrive at the 
array has been estimated from the pressure coefficient of these showers at 
Naini Tal =(8.3/B4+-2.6)  sterad. ,(Galbraith)? where o is the solid 
angle in steradians and B is the pressure coefficient in per cent per cm. of Hg. 
Pressure coefficient of 5x 10!5 e, v. showers (Srivastava et, al. 1961)” has been 
used for calculations of solid angle. The flux values have been plotted corres- 
ponding to the estimated energy of showers in Fig. 4. The integral frequency 
Energy Spectrum, of Primaries producing these showers may have the form; 


y (> E) =KE-Y 7 (> E) is the number of showers of energy >E. Kisa 
" constant and y” is the exponent in the energy spectrum. There seems to be a 
change in the value of y” in the energy region 1015 to 10% e. volts. Its value 
at 5:07 x 1015 e, volts is 1.71 and at 8.9x 101? e. volts it changes to 2:1. 


Variations of ihe Extensive Air Shower rates in Solar time and their pressure — 
correlations —Hilberry (1941)?, Kraybil (1949)?, Hodson (1953)? and Cocconi and 
Tongiorgi (1949)? studied the altitude effect of these showers with a selection 
system that recorded showers rates particularly towards lower energy group at 
various altitudes. It was shown that below a height of about 8.2 Km. in the 


4 
+ 
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atmosphere, the showers show an exponential absorption. The shower rates as a 
function of atmospheric thickness t could be expressed as R (E,t) œ etja 
I 

^ 


coefficient of showers. 


where (140 “gms. Cim-2)-1 and is called the absorption or attenuation 


This very important property of cascade processes that gives an infor- 
mation about the nature of absorption of the showers in the atmosphere, 
could also be studied inside the laboratory space at a constant altitude fora 
wide range of shower energies through: pressure correlation. of shower rates. 
The atmospheric pressure over a place is known to have diurnal and semidi- 
urnal variations in solar time. If an array of G. M. Counters or scintillation 
counters is situated at a constant altitude, these small but regular pressure 
fluctuations that take place daily will cause a shift in the effective altitude of 
the recording system. An inc ease in the atmospheric pressure will amount to 
a downward shift in altitude with a corresponding decrease in the shower 
rates and a decrease in the atmospheric pressure will mean an upward shift 
in altitude with an increase in the shower rates. 


The shower rates in this way could be expressed as; R (E,t) =Ke-B-p 
where p is the atmos; heric pressure in Gm. of Hg., B the pressure’ coefficient 
or barometric coefficient and K is a constant for a particular array of counters. 
The barometric coefficient is written as; | 


1 dR m _dlogR 
R dp dp 





If there are no other sources of fluctuations in the shower rates, then the 

barometric coefficients will be practically the same as the absorption coefficient 
defined earlier. (A small temperature coefficient could be neglected in 
comparison to a much larger pressure coefficient.) A study of daily shower 
` rates in relation to changes in the barometric pressure provides a method on a 
laboratory scale for the study of the absorption coefficient of different groups of 
showers for various energies of primaries. Some systematic measurements 
of barometric coefficients has been done by Daudin (1953) and Cranshaw (1957). 
Cranshaw has shown that the barometric coefficients change from 10% to 16% 
per cm of Hg in the energy interval 1044 to 10%? e volts. The showers with 
large pressure coefficients have shown larger solar diurnal and semi-diurnal 

amplitudes as well. If the cosmic ray primaries of energy >10% e. volts 
have the same relative abundances as the primaries below the cnergy of. 
101? e, volts, then the occurance of a large diurnal amplitude and barometric . 
coefficient cannot be properly explained. 


We have attempted to study two different kinds of showers in relation to 
the barometric fluctuation and have determined their diurnal and semi- 
diurnal solar amplitudes as well. 'The first group of showers allows all the 
secondary electrons and p-mesons to trigger the G. M. Counters used in the 


- 
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array but the second group of showers have been recorded with an absorber 
(> 30 gm. cm?) over G. M, Counter trays that removes low energy electrons 
and only energetic electrons or j-mesons are able to enter the G. M. Counters. 
Since the effective area of trays and their mutual separation is not altered in 
this selection system, the twó groups of showers will select showers of diffe: ent 
energies and differer.t kinds of secondary particles. 


After studying the situation created due toa local absorber, showers of 
3.07 x 1015 e. volts energy group were studied with an absorber (>30 gm.cm”?) 
and without any appreciable absorber. In these two groups 44000 and 
52000 showers respectively were collected in solar time from"July 1960 upto 
March 1962. Daily pressure records were maintained for the local pressure 
with the help of a barograph supplied to us on loan by the Department of 
Meteorology, Govt. of India. The shower rates as well as the pressure data 
have been analysed for diurnal and semi-diurnal variations in solar time and 
the degree of correlation with Pressure has been determined for both the 
shower groups. i: 


Analysis of Solar variations of shower rates and pressures — Shower rates have 
been grouped in bi-houily intervals in solar time for monthly periods ás well 
as for the entire duration of observation. The data has been harmonically . 
analysed in solar time. It is highly unlikely that sun emits primary particles 
of extensive air shower energies (i. e. 1044 e. volts). Whatever fluctuation 
one can foresee in the rates of such showers, will be - to local modulation 
in rates produced in the atmosphere mainly düe to atmospheric perssure 
variations, 


For harmonic analysis, various Fourier components souio be fitted into 
the data of shower rates as follows :— _ 


R (t) = Ao+(A, cos t--B, sin t) + (A, cos 2t--B, sin 2t)-P....... ....etc. 
For nz l various components could be written in general as; 
(An Gos nt+By sin n t)=Cy sin (nt--en) ` 


> A PPP oir. 
where A,=C, sinen and m —tan en, +/A,?+B,2=Cy 
n 


Bn=Cn Cos en 





The time of maxima t. (max,)= L bx eoa 


Following Chapman and Bartelsii different harmonic amplitudes and phases 
of maxima could be determined by a sum and difference method from a set 
of equidistant points on a harmonically varying curve. We have used this 
method for finding the Ist and 2nd harmonic amplitudes and phases of pressure 
oscillations as well for the analysis of shower rates in the two groups. 


Pressure oscillations over Naini Tal— Pressure oscillations seem to be quite 
regular ane periodicin nature. Some very sharp changes were also recorded 
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during a stormy weather but these local fluctuations are averaged out in a data 
of a long period. The Harmonic dials of Ist and 2nd pressure harmonics 
for different months in the year are shown in Fig. 4. There are small fluctu- 
ations in the amplitudes and also in the phases of harmonic vectors. The 
overall analysis for 13 months data gives a 1st harmonic amplitude of fluctua- 
tions (maxima to minima) equal to 0:63 gm. cor? and a 2nd harmonic 
amplitude of fluctuations equal to 2:80 gm. cm, at 17:2 and (0:64 and 12:64) 
hours réspectively. Itisclear from these values that the diurnal amplitude 
is not so prominent as the semi-diurnal amplitude. 


Fir Hánmenicr 


te Hoyas p Si Hovas 


Fra (4) HARMONIC DIAL OF DIURNAL AND SEMIDIURNAL 
PRESSURE AMPLITUDES FROM Sert 1960 to Sart. 1961 
PP A IH A A a ra 





ANALYSIS OF SHOWER RATES IN SOLAR TIME 


Showers have been grouped in bi-hourly intervals for monthly periods. 
Ist and 2nd harmonic amplitudes and time of the occurrence of their 
corresponding maxima has been determined for each month and also for the 
entire period under the two groups. The following tables (Nos. 3 and 4) give 
the details of the analysis. . ! 


If the combined data of the two groups is compared (last row of the 
tables 1 and 2) it becomes immediately clear that the phases of maxima 
in both the groups are approximately the same but the amplitudes of Ist as 
wellas 2nd Harmonics are much different. In the first group where no 
absorbing material is placed over the trays, the amplitudes are much larger 
than 2c level of the error, whereas the amplitude of showers in the second 
group are submerged below the 2c level. 


This observation is quite significant as itshows that the penetrating 
Showers striking the array centrally are less sensitive to solar variations 


- 


” 
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Details of the Harmonic analysis of data in solar time from September 1961 
upto March 1962 for showers with no absorber over the trays. 


Ist Hormonic 














IInd Harmonic 














Sl. Period of Time of Time of 
No. observation in% Maxima in % Maxima 
l. | Sept. 1961 8.79 0.03 hours 5.33 7.82 
. 19.82 hrs. 
2. |'Oct, 1961 8 .09- 1.94 hours 5.76 " 3.85 
i 15.85 hrs, 
3. | Nov. 1961 5.09 3.81 hours 4.81 5.68 | 
17.68 hrs. 
4. | Dec. 1961 6.61 4.18 hrs. | 6.37 4.50 
16.50 hrs. 
5.. | Jan. 1962 | 4.59 21.74 hrs. | | 3.27 3.92 
: 15.32 hrs. 
6. | Feb. 1962 1.40 5.55 hrs. 1.53 5.97 
17.97 hrs. 
7. | March 1962 5.72 1.11 hrs. 3.75 8.58 
20.58 hrs. 
8. | Sept. 1961 to B 
March 1962 5.39. 1.294 | 0.87 hrs. 3.844 1.2% 8.18 
= 20.18 hrs. . 





— 


A 





than a mixed group of showers‘in which low energy electrons as well as 


Bemesons are included in selection. 


Fic) 


VARIATIONS IN SHOWER RATES (Wik obsta x sogms cm ovn Bani) 
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VARIATIONS IN SHOWER RATES (> 3xid°e.v) 
2 20 pra? 


IN ATMOSPHERIC PRESSURE 





In this group the significance level 
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ó | : i TABLE 4 
Details of Harmonic analysis of the data in solur tims from July .1960 
upto August 1961 showers with an absorber (> 30 gm cm?) 


"n armonic 





























gl. Period òt . st ormonic -Ti r . 
No. observation | l PS ae e al d. 
- . o 0 
1. July 1960 5.83 13.20 hrs. 1.56 - 0.56 
12.56 hrs. 
2. Aug. 1960: 19.73 hrs. 1.35 ` 3.83 
altes : 15.83 hrs. 
aso 
3, Sept. 1960 21.49 hrs. 2-91 11.45 
23.45 hrs. 
4 Oct. 1960 18.61 hrs. 3.08 ' 10.03 
22.03 hrs. 
5. | / Nov. 1960 - 14.85 hrs. 2.10 11.85 
| 23.85 hrs. 
6 Dec. 1960 2.67 hrs 3.41 11.15 
l 3. 5 hrs. 
1 Jan. 1961 4.78 hrs. 0.62 10.49” 
/ l 22.49 hrs. 
8. Feb. 1961 5,96 hrs. 2.04 9.92 
21.92 hrs 
9. March 1961 7.43 hrs. 11.80 pig 2 
i 12.19 brs. 
10. April 1961 11,51 hrs. 5.38 4.63 
: 16.63 hrs. 
IL. May 1961 2.75 hrs 2.52 10.70 
22.70 hrs. 
12. June 1961 0.56 hrs 5.78 10.54 
l ` 22.54 hrs. 
13. July 1961 21.53 hrs. 0.83 0.19 
` 12.19 hrs. 
14 Aug. 1961 0.63 hrs 3.26 4.29 | 
.16.29 hrs. 
15 July 1960to0 > 9.87 
Aug. 1961. 0.62 F 1. 49/, 





23.66 hrs. .53+ 1:492 21.87 hrs, 
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of the Ist Harmonic amplitude is four per cent and 2nd Harmonic ampli- 
tude is two anda half per cent. In order to give relative picture of 
these two groups of showers in relation to the atmospheric pressure variations, 
the shower rates have been plotted along with a 24 hour pressure data 
averaged over a period of thirteen months—in Fig. 5. It is evident from 
the nature of variations that when the pressure decreases the shower rates record. 
an increase and when the pressure increases the shower rates record a decrease, 
This behaviour is common in both the groups but the relative fluctuations 
are very much maiked in the group of showers which respond to all the 
charged particles (i. e. no absorber covers the trays). 


Pressure Coefficients—Since the two groups of showers show a relatively 
different amplitude of fluctuation with barometric pressure, they might give 
different values of barometric cceflicient. The data in the two groups has 
therefore been analysed for barometric coefficient. Barometric coefficient 
dlog R, 

dp > 

The logarithm of shower rates is plotted against the. pressure of the 
atmospheie for the two groups of showers. A mean straight-line is drawn from 
the points, the gradient of this curve gives the barometric coefficient. 
.It has been found that the pressure coefficient of the showers recorded with 
no absorber is==14'8% per cm. of Hg. and those recorded with an absorber 
` over trays (>30 gm.cm”?.) is=6°7% per cm. of Hg. at Naini Tal. 


- 





is given by the relation B= — 


Discussion 


The integral frequency energy spectrum of showets has been measured for 
four energy groups in. the 5X1014—10!* e. volt region. From the astrophy- 
sical point of view there is a great interest in this region as it provides 
a test for various theories ofacceleration and trapping of Cosmic Ray 
particles in a particular region of the space. The energy of a particle 
spiralling in a magnetic field is given by E=300 ZHR e. volts, where Z is 
the charge of particle, R its radius of curvature and H is the magnetic 
feld. A proton of 10% e. volts energy will hardly be confined in the solar 
system. The energy spectrum also does not show any discontinuity at 
101% e, v. and one has naturally to think of galactic origin of the majority 
. of Cosmic Ray particles Inter-galactic magnetic fields aregs5 X10-9 Gauss 
and the dimension of scattering regionsas101% cms. The primary protons 
of energys>10% e. volts will not be traped in such fields and if the sources 
are galactic in nature then there should be some anisotropy and a 
possible discontinuity in the energy spectrum at this energy. Even if it 
is assumed that the particles are accelerated in the galactic halo as well, a 
discontinuity should be observed at 1079 e. volts. 


From our observations of the energy spectrum at four points in this 
region we find that the exponent of the energy spectrum shows an increase 
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between 5x 10! and 0.89 x 101 e. volts. Its value changes from 1.71 to 2.1. This 
‘increase may be due to many reasons. The solid angle factor in the deter- 
mination of flux is related with the pressure coefficient, If the pressure 
coefficient shows an increase, the energy exponent will also increase in this 
region. There issome indication that pressure coefficient gradually increases 
at 10% e, volts. This might throw some light: on the nature of interaction 


at ultra-high energies. 


The two groups of showers that we have included in this analysis for 
pressure correlations show a distinctly different behaviour. The fluctuations 
in the shower rates above 10!*e. volts primary energy in Solar time are of 
local character and have their origin in the density fluctuations of the 
atmospheric gases either due to shifts in various isobaric layers or due to 
variations of temperatures ofthe layers close to earth. The temperature : 
fluctuations have relatively small effect on shower rates. | 


In our first group of showers where all the secondaries are allowed to 
trigger the G. M. counter trays, the correlation of pressure fluctuations is 
quite significant. The lst and 2nd harmonic amplitudes are found to be in 
antiphase with the corresponding pressure harmonics and have values equal 
to (5:39 +1:2)% and (3:84 € 1:2)9/ respectively as expected. The errors indi- 


cated here are equal to 2o errors (i. e.s2 y X whore N is the total num- 


ber of showers recorded. The pressure coefficient is 2414-897, per cm. of Hg. in 
- this case. This valueis higher than those observed by others for the same 
. energy (i. e. &1094 per cm. of Hg.). A large pressure coefficient has been 
recorded in our case due to the fact that highly inclined showers (with 0 > 
459) approaching the apparatus are eliminated. The showers with large in-. 
clination to the zenith of the place of observation have to travel longer thick- 
ness in the atmosphere and mostly consist of &-mesons which are not much 
influenced by atmospheric effects. Due to this the value of absorption length 
measured is smaller in our case i. e. —92:5 gm. cm-2. 


The absorption mean free path is written as —=B = where y is 


the exponent in the integral frequency number spectrum and is ==1.5 for this 
energy, À is the absorption mean free path of secondary collisions of shower : 
particles and can be determined in this case. 
A=1.5x92,5 —138.15 gm cm-? 

This comes out to be nearly equal to twice the geometrical collision mean free 
path for protonsin air. This shows that the high energy collisions which 
generate shower particles are partly elastic and partly inelastic. The inela- 
sticity parameter (I—f) is of the order of :53. The energy retained by the 
nucleons in each collision as calculated from Cranshaw’s (1960)!? relation. is 
ry 47%. The value of Aint used is 70 gms cm”? Showers of the second 
group which have been selected through penetrating component give no 
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significant solar variations and the barometric coefficient is also very small. 
The pressure coefficient of this group will not represent the correct behaviour 
of the absorption of the nuclear active cascades. These showers, however, will 
be much helpful in finding the correct sidereal anisotropy of the primaries as 
these are free from solar fluctuations. 
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FURTHER STUDIES ON THE KEEPING QUALITY OF CREAMERY 
BUTTER DURING STORAGE 


MANOHAR SHYAMJI, N. N. PANDIT AND S. N. SINGH 
Department of Animal Husbandry & Dairying, B. R. College, Agra. 

In a previous paper from these laboratories (Pandit ef al 1960) dealing 
with an investigation carried out to study the effect of certain factors on 
the keeping quality of creamery butter during storage it was reported that 
butter made from unripened cream but given identical treatments in respect 
of washing and salting kept longer at 40°F than the one from cream ripened 
to 0:45% serum acidity. The present study is the continuation of the same 
programme and is designed to study the effe:t of neutralisation of sour cream, 
churning acidity of cream and salting of butter on the marketable and 
keeping quality of butter during storage at 40°F. 


METHODS AND MATERIAL 
The experiment was designed to study the cffect of :— 


(A) Varying levels of churning acidities of cream : 
(i) 0:23 per cent serum-+acidity (fresh cream) 
(ii) 0:34 per cent serum acidity (ripened cream) 
(111) 0:70 per cent serum acidity (ripened cream) 


(B) Neutralisation of sour cream : Cream testing 0°70 per cent serum 
. acidity neutralised to 0:34 per cent. 


(C) Salting : 
(i) No salt. 
(ii) Sa'ting at 2 per cent level. 


Eight butter samples, seven from pasteurised ripened cream and one 
from pasteurised sweet cream were stored in the refrigerator at 400F in the 
form of one ounce packets and were examined fortnightly upto a period of 
98 days for the following tests :— 

l. Organoleptic tests : 


(a) Flavour, 


(b) General appearance, 
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2. Chemical constants : 


(a) Acid value, 
(b) Peroxide value and 
(d) Todine value. 


3. Physical constants : 
(a) Butyro-refractrometer-reading. 


The method for the determination of different organoleptic tests were 
those adopted by Hunzikar (1940), while for other physical and chemical 
constants methods recommended by Á, O. A. C (1950) were employed. 


RESULTS AND DISCUSSION 


The present investigation was planned to study a few factors like churn- 
ing acidity of cream, neutralisation of sour cream and the effect of salt on 
the quality of butter and the various changes it undergoes during storage. The 
results of the investigation follow. : 


Effect of serum acidity of cream, neutralisation of sour cream and salt content on the 
flavour and general appearance of butter : 


A perusal of the observations in table 1, will indicate that the flavour 
of fresh butter obtaired from unripened cream was flat, whereas ripened cream 
butters gave a pleasant flavour. That flavour development depends upon 
the chemical compounds formed by heterofermentative group of organisms 
like £. cttrovorum and L. dextranicum has been shown by Bergy (1918), Barni- 
coat (1935) and Hammer (1948). During the first fortnight sweet-cream 
butter continued to give a flat flavour, whereas ripened cream butters develo- | 
ped storage flavour in second fortnight, which changed to fishy and tallowy;—— 
leading finally to foul smell and rancidity after 40 days. The earlier initia- 
tion of spoilage in sweet-cream butter than in sour-cream one depicts a 
preservative effect of acidity on the growth of fermentation organisms. ‘The 
general appearance of. butter from all the lots of cream showed normal 
appearance in colour, texture and body upto two weeks. On the 28th 
day examination, unripened cream butter showed distinct discoloration, 
whereas the ripened ones showed normal colour. There was a profuse mold 
mycelia infestation in the former case with the advance in storage time, 
while the latter exhibited yellow patches after 56 days and mold infestation 
in the final stages. The appearance of yellow spots is associated with the 
bleaching of fat as a result of auto-oxidation. 7 


31 


M. SHYAMJI et a on Keeping Quality of Creamery Butter 


Sept., 1963] 








Pexunuug | P9UMIS | posurugg pexurng peqpesrg poor) poa poor) 
199189 N9U 
AWS 31835 IVIG 2S 234.038 238.0)9 19ST[e1IMIN | jo IIL 
Á4pmoNx | 4pmoy PEE | peyovorg poqovorq Pta poop poon. 
| PIDE 
Áqsg 29 2381039 [4199 9IP 
ASLI &p ug eres IHS áps | orppe yay]  omppby Burseo[d 
sods Morro X|srods A^o[[ox f 
Áp[RO]A 22 Jg Y DUI |siods moaz | paqoeog pong poor poor) 
ÁMO[TV,T, Aust Agsg nqs] — epe El III | [eq SEE 
l uon 
Áp[no]A pmo |ppnou xoe[q Ap]noyy |. Áp[RO | -Eino[oosr(q poo) poor) 
I[2uus l 
noj prouey | prouer':jx proury AMO]TRL, Aysty IT prr ATA | pprur AoA 
86 | +8 | OL | 96 | cy | "86 | PI | QS 





9B3810IG ur sÁwq 


o9ue1vaddu [919uor) (q) 


- 


eure pue InoAw[y (8) 


:p120 
20707 LOPE .Q was) pasion "AT 


oouwrgodde [emo (q) 


gwote pue noaga (e) 
“pio 29981 "60470 “III 
souvivodde eiun (q) 
vuole pue mosey (v) 
Pio 94907 FEO “II 
sounivodds [uiouor) (q) 


BUIO18 pue mossa (s) 


Spi cw) EZO “1 





“mean 
Jo Arproy Zurminygy 


A A UT ———ÉÉ 
‘oF f? posos 
4ang fo 22upaveddp 943898 pun 4noovjf ay} uo 17342 fo &jpiso Susuimyo fo 399.50 nn Sumoys 


| 418v T, 


(gg 9204 uo panunuon) ; 
ag eo ee a a aE 
| 


p[nour (usrAoproA puel 





AGRA UNIVERSITY JOURNAL OF RESEARCH [Vo], XI} 


32 








ppnow , mojo? Qnooo i 
29831Ng 398JINS | mods yourg [sjods MOTA 3019989] [MOMA 1931] [mork 34817] poop souvivodde peruan) (1) 
ÁMO[[.T, kysi [4ysy 4pq8ns 21828 IT |  s[qexsoqd | aqe | AIRIS] emo pue moasg (1) 
l 93]0su 
pjo ppnour suopnq uot In o[oo5 P a 
9IBJING 92€jIhg | p[nourgoe[g nods mog | -emojossiq uno[oo Moray, MOIPA pooh souvivodde [e19uar) (1) 
Aurses]d i 
Aqsta YSI AVS | 27838 3143118 yep 1q21]g 1419981 [19981 | 9 3us[[OX3 | “emoze pue moara | (1) 
paps (e) 
pro 
3HoD] Copg.Q Wvs po PTA 
sprnour EM uon Ino[oo 
Áp[noJq pmo jumong 9x981g ápmow [mods ppnogq | -eanojoosiq MOTA poor) | 'souwreodde peiou2x) (n) 
mo pnus 9[Qrpout 
2 prouey | Apurnxq poury | Amonen Áqstd 32,0 | pp AA | pyar dion, | suo pue mossy (1) 
| prpsu[ (q) 
$3[2adg syoodg uon JnoJoo 
Apnow Apmoyy Ap[NoyAl PINO PIRONI | -eQno[oostq MOTA poop | 'sonereodde [uiouor) (11) 
prouvr pru AMO[T* T, Áqstq Aqsp | 189 199118 PEW PEW | ewo pue ¿noae]g (1) 
paps (e) 
pto 2479] "ogg'() BDI 19905 
96 | 78 | OL | 9G | oF | 86 | +1 | qs 


23810359 ut SÁB 


UIg21[) 
jo Anpry Sarumgo* 


'“ToQp 10 pasojs 193nq fo souoivaddo qoa2us8 pup anoavy ay, uo ios fo paf y: Juimoys 


Z w18V], 








m0702 ano[oo 
e parnojpoos[ | pounopoosig | poino[oosHq | pozno[ooskT Sutqo9o[q |^of[oA 3q3r] [MOTÁ aqusrT poor) 9e»uvgexide [eraus (1) 
s Jompeajnou | osi[e1jnou 
Aysta 97818 9]818 1811 241078 23YJ039 | JO IIL jO 21 BUIOJE pue moagjg (1) 
payosug- (q) 
MoJo Ino[[oo 
paywa pəyovojg P9y9to]g pouotolg Surgo?opg Moped dao(q |MOo[I2A daq poor) | oouzigoddz [euouss) (tu) 
cost [erjnou 
AysIa 2188 3[8IS nare 2381038 234.10]9 poog jo 99817 gwo pue Jnoae[] (1), 
i pagos (e) 
3 (“psp 913907 
E 96F£-0 01 OL.9 worl pesuparnoAn) 
= : piso 919907 YOPE- wm242 pesipuaneAn 
G 1NO|09 
E kpmo Suiqogs]g Surqoveo[g Suigo€esId Suroearg Suorpug poor) pee aouvivodds penno (n) 
ES [412981D 
3 Aqua |£usg Anqstig ores eres oBeio)g | orproe UBA OPIO Y Bupseo[g |  wuroie pue unoaw[ (1) 
c , 
ve pupsu (a) 
' Áp[nour Jnopoo Ino[oo 
Y 19318 [WS 2189 9181S Surqovo]g monk daq [mora daq poon soutirodde jerowan (rr) 
"s opoe 14330581P |/3205Tp 
S Áqstqp | juesea du) 31838 238J0]19 2381038 SUISBILI Bured Sures | vwo pue Inoaejg (1) 
M pajos (s) 
z : piso 91470] 9650/.( wes anos 
: 
Y 
: 86 | +8 | OL | 96 | oF | 86 | TI | qs214 
a Ure317) 


jo Á pry Suruinuo 
o8€10jq UI sÁE([ 


‘A op 10 poso3s saying fo 2suvap2ddo yossuad puv anoanf oy) uo 1ps fo yoeffe ayy duimoys | 


Sept., 1963] 


Cp1u07)) Z Tray L 





34 AGRA UNIVERSITY JOURNAL OF RESEARCH [Vol. XII 


According to Hammer (1948) mold being aerobic causes colour defects 
on the surface and eventually produces discoloration around the buttons. 
Neutraliser imparted its own flavour to butter samples which lasted even 
during the storage, although it inhibited different types of chemical deterio- 
ration. Distinct variations in flavour were recorded between salted and unsal- 
ted samples obtained from differently treated creams (Table 2). Salted 
samples were superior to unsalted ones while fresh and even during storage 
upto a fortnight probably because of the inhibiting effect of high 
osmotic concentration of salt on organic life. Addition of salt in 
high-acid-cream butter did not lead to any advantage. However, salt 
and neutraliser both showed a cumulative effect to enhance the keeping 
quality. During later periods of storage salt enhanced the chemical reaction 
decomposing lecithin, particularly in high-acid-cream butters. While unsalted 
samples maintained a normal colour, the salted ones manifested a deeper 
colour due to salting-out action on the curd particles (Kothawala, 1927). 


Effect of acidity of créam, neutralization of high-acid-cream and salt per cent on the 
acid value of butter : 


A positive correlation between the acid value of butter and the serum 
acidity of cream is shown in table 3 and fig.1. The acid values observed for 
0:23, 0:34 and 0:70 per cent serum acidity were 0:27, 0:36 and 0:45 respectively. 
A uniform increasing trend in the acid value of butter was noted during storage, 
which agrees with the findings of Larsen et al, (1909). 

TABLE 3 


Showing the effect of churning acidtly of cream on the acid value of butter 
stored at 400F, 
Days in Storage 
Churning acidity of : 
cream 





Fresh | 14 | 28 42 | 56 | 70 | 84 | 98 
DOR Cx CER DENEN NM —— 
0.23% lactic acid: 


(a) Acid value % oleic 0.27 | 0.42 | 0.60 | 0.76 | 0.85 | 0.95 1.01 | 1.05 
(b) Per cent rate of increase ` .. | 55.5 | 42.81 26.6 | 13.1 | 10.4 | 6.3 | 3.9 

0.34% lactic acid: 

(a) Acid value % oleic 0.36 | 0.60 | 0.84 | 1.05 | 1.14 | 1.22 | 1.30 | 1.32 
(b) Per cent rate of increase .. | 66.6 | 40.0 | 25.0 | 8.5 | 7.0 | 6.5 | 1.5 

0.70% lactic acid: 

(a) Acid value % oleic 0.45 |.0.79 | 1.02 | 1.13 | 1.18 | 1.20 | 1.22 | 1.22 
(b) Per cent rate of increase n. (75.5 129.1 110.7 | 4.4 1.6 1.6 | 0.0 


0.34% lactic acid neutralised cream: 


(a) Acid value % oleic 0.33 | 0.54 | 0,69 | 0.78 | 0.81 | 0,84 | 0.87 | 0.89 
(b) Per cent rate of increase .. (63.6 |27.7 113.0 |3,8 13.7 |3.5 | 2.2 
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TABLE 4 


Showing the effect of churning actdity of cream and salt % on the acid value of butter 


stored at 40° F. 





Churning acidity of 
cream 


Sweet Cream 0:23% lactic acid : 
(a) Salted 

(i) Acid value % oleic 

(ii) % rate of increase 


(b) Unsalted 
( Acid value % oleic 


(ii) % rate of increase 


Variation * 


Mild Acid Cream 0.34%, Lactic Acid : 


(a) Salted 


(i) Acid value % oleic 
(ii) % rate of increase 


(b) Unsalted 
(i) Acid value % oleic 


(ii) % rate of increase 
Variation * 
Sour Cream 0.70% lactic Acid : 
(a) Salted 
(1) Acid value % oleic 
(ii) % rate of increase 


(b) Unsalted 
(1) Acid value % oleic 


(ii) % rate of increase 


Variation* 


Neutralised cream 0.34% Lectic acid : 


(a) Salted 
(i) Acid value % oleic 


(11) % rate of increase 


(b) Unsalted- 
(i) Acid value %.oleic 


(ii) % rate of increase 


Variation * 


Days in Storage 


0.24 | 0.36 | 0.51 | 0.65 | 0,74 | 0.82 | 0.87 | 0.90 
50.0 (41.6 ¡27.4 [13.8 [10.8 | 6.0 | 3.4 


0.27 | 0.42 | 0.60 | 0.76 | 0,85 | 0.95 | 1.01 | 1.05 
55.5 /|42.8 126.6 [13.1 [10.4 | 6.3 | 3.9 
0.03 | 0.06 | 0,09 | 0.11 | 0.11 | 0.14 | 0.14 | 0.15 


0.34 | 0.56 | 0.78 | 0.90 | 1.02 | 1.14 | 1.26 | 1.26 
64.7 ¡39,2 115.9 513.3 ]11.7 110.5 | 0.0 


0.36 | 0,60 | 0.84 | 1.05 | 1.14 | 1.22 | 1.30 | 1.32 
66.6 (40.0 [25.0 |8.5 |7.0 | 6.5 | 1.5 
0.02 | 0.04 | 0.06 | 0.15 | 0.12 | 0.08 | 0.06 | 0.06 


0.42 | 0.72 | 0.92 | 1.02 | 1.06 | 1.08 | 1.09 | 1.10 
71.4 127.7 |10.8 | 3.9 |1.8 |0.9 | 0.9 


0.45 | 0.79 | 1.02 | 1.13 | 1.18 | 1.20 | 1.22 | 1.22 
75.5 129.1 110.7 | 44 |1.6 lig | 0.0 
0.03 | 0.07 | 0.10 | 0.11 | 0.12 | 0.12 | 0.13 | 0.12 


0.30 | 0.48 | 0.60 | 0.72 | 0.75 | 0.78 | 0.81 | 0.84 
60.0 125.0 120.0 | 4.1 |4.0 13.8 13.7 


0.83 | 0,54 | 0.69 | 0.78 | 0.81 | 0.84 | 0.87 | 0.89 
62.6 (27.7 ]13.0 | 3.8 | 3.7 ¡(3,5 | 2.2 
0.03 | 0.06 | 0.09 | 0.06 | 0.06 | 0.06 | 0.05 | 0.03 
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The percentage increase in acid value went on declining during storage, 
possibly because some of the free fatty acids must have been consumed by 
yeasts and moulds. Similar results were observed by Rangappa and Achaya 
(1948) for butter and ghee. Neutralised acid-cream butter exhibited lower 
acid values. The values went down by 26°66 per cent from the base value. 
The addition of salt (Table 4) was found to have a marked effect in the 
elimination of butter-milk from butter thus lowering down its acid value. 
During the storage period of 98 days the acid values of butter obtained from 
sweet cream reached upto 1:05 and 0:90 for unsalted and salted samples 
respectively. This clearly denotes an antiseptic property of salt against 
spoilage organisms. 


Effect of acidity of cream, neutralisation of sour cream and salting on the peroxide 
value of butter during storage: | 

The peroxide values of butter prepared from different acid creams are 
shown in table 5 and fig. 2. The values observed from 0:23, 0:34 and 
0/70 per cent acid-cream butters were 0:22, 042 and 0:63 respectively. 
These values increased with the increasing storage periods. The rate 
of increase in peroxide values was higher in sweet-cream than in sour- 
cream butters. The lower peroxide values in mild-acid-cream butters indi- 
cate a slower rate of oxidation in them than the high-acid-cream butters 
and thus shows an inverse relationship between the peroxide value and the 
quality of butter. These results support the findings of Sommer (1929). 
The rapid rise in the peroxide value during storage is an evidence of the 
oxidising conditions as suggested by Davies (1939). Neutralised cream 
butter showed about 12:0 per cent lower values than mild-acid-cream butter 
and this trend remained the same even during the storage period. Salted 
butters exhibited higher peroxide values than unsalted samples (Table 6). . 
Itseems that salt accelerates the oxidation of butter fat. It dissolves 
phospholipid layer and exposes the fat for ready oxidation. 


Effect of acidity of cream, neutralisation of sour Cream and salting of bulter on the 
physical score of the produci: 


The scores of different classes of butter given in table 7 reveal 
that mild-acid-cream butter (0.34 per cent lactic acid) scores the highest— 
95, followed by  high-acid-cream. The sweet-cream butter score the 
least—90 when fresh, followed by the neutralised cream butter—88. During 
storage, sweet-cream butter deteriorated earlier than other types. The ini- 
tial higher score in case of acid cream i$ obviously due to the flavour and 
aroma produced during ripening by the break down of citric acid and lactose. 
High-acid-cream butter (0.70 per cent) showed a more rapid decline in score 
than mild and neutralised samples in the earlier stages, but ran parallel to 
them later on. Salting as seen from table 7 adds no advantage in the score 
of fresh butter. During storage, however, salting is able to maintain a 


uniformly higher score. - 
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Effect of acidity of cream, neutralisation of sour cream and salting of butter on B. R. 
and Iodine values of butter: 


Examination of data in table 8 depicts a slow and continuous but 
irregular rise in B. R. reading of butter fat. During storage there was a 
fall in values irre:pective of the treatment involved. The rise in B. R. value is 
due to the replacement of part of the acid radical of glyceride molecule with the 
hydroxyl group known to possess greater refractive indices. These observa- 
tions quite agree with those of Richmond (1942) and Godbole and Sadgopal 
(1939). 


Table 9 gives an almost constant iodine value—33 for all the samples 
upto 28 days of storage, with a subsequent fall with the passage of time. 
The decrease. in iodine value by 13:02 per cent during the storage period in 
all the samples can be attributed to the oxidative changes taking place 
during storage. It seems likely that oleic acid, of which iodine value 
is a messure, is oxidised giving risé to hydroxy-acids resulting in poorer iodine 
absorbing capacity. Achaya and Banerjee (1946) and Richmond (1942) 
reported a similar tendency, which conflicts with the view held by Das 
Gupta (1949) who reported an increase in iodine value during storage. 


TABLE 5 


Showing the effect of churning acidity of cream on the peroxide value of butter 
stored at 40°F, 





Days in Storage 


Churning acidity of 
cream 


Sweet Cream 0,23% lactic acid : 
(a) Peroxide value 0. 3.2/ 4.0| 4.8 : 5.8 
(b) 9$ rate of increase - in 33.3 | 25.0 | 20,0 3.4 

Mild acid cream 0.34%, lactic acid : . 
(a) Peroxide value : ; i i 3.9 | 4,0 : 4.2 
(b) % rate of TM di 5.4] 2.5 ; 2.4 

Sour cream 0.70% lactic acid : 
(a) Peroxide value i 6 5,6 . 5.8 
(b) 96 rate of increase bles 1.8 : Ld 

Neutralised cream 0.34% lactic acid : | 
(a) Peroxide value E 4.1 21 4.3 
(b) % rate of increase joe 2.5 | 2.9 





~ 


-+ 
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Showing the effect of salt on the peroxide value of butters stored at 409 F. 





Churning acidity of 
cream 





Sweet Cream 0.23% lactic acid: 
(a) Salted 
(i) Peroxide value 
(ii) % rate of increase 


(b) Unsalted 
(i) Peroxide value 


(ii) % rate of increase 


Variation* 


Mild acid cream 0.34% lactic acid: 


(a) Salted 
(i) Peroxide value 


(ii) % rate of increase 


(b) ` Unsalted 
(i) Peroxide value 


(ii) % rate of increase 
Variation* 
Sour Cream 0.70% lactic acid: 
(a) Salted 
(i) Peroxide value 


(ii) % rate of increase 


(b) Unsalted 
(i) Peroxide value 


(ii) - % rate of increase 


Variation* 


Neutralised cream 0.34% lactic acid : 


(a) Salted 
(i) Peroxide value 


(ii) % rate of increase 


(b) Unsalted 
(i) Peroxide value 


(ii) 4,95 rate of increase 


Variation” 


0.28 


0.22 


0.06 


0.44 


0.42 


0.02 


0.63 


0.05 


0.40 


2.2 
685.7 


718.1 


513.6 


423.8 


429.4 


407.8 


Days in Storage 


3.4 
21.4 


| 33.3 


15.6. 


1.20 


20.0 


4.1 
20.5 


4.0 
25.0 
0.1 


4.2 
5.0 


3,9 
5.4 
0.3 


5.8 
3.5 


4.9 
19.5, 


4.8 
20.0 
0.1 


4.4 


4.7 


4.0 
2:9 


0.4 


6.0 
3.4 


5.6 
1.8 
0.4 


4.6 
4.5 


4.1 
259 
0.5 


ma 14 | 20 | 42 | 56 | 70 | os 98 


6.0 
5.2 


5.8 


3.4 


0.2 
4.6 
0.0 


4.2 
2.4 
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TABLE 7 


Showing the effect of Churning acidity of cream and salt per cent on the Score of 
butter stored at 40° F, i 
A Po o Ó 
; Days in St 
Churning acidity of odo d 








cream 
ec men 14 | 20 | 42 | se m | at | o 
Sweet cream 0.23% lactic acid: 
(a) Salted l 
(i) Score % . 92 |88 |82 |70 |60 |45 |40 |35 
(ii) Rateof decrease % co | 4.5} 7.31 17.1 | 16.1 | 83.3 | 12.5 | 14.2 
(b) Unsalted | 
(i) Score % 90 | 85 |78 |62 |55 |40 -|36 | 30 
(ii) Rate of decrease % e | 5.8| 8.9| 9:6 | 14.0 | 37.5 | 11.1 | 20.1 
Mild acid cream 0.349, lactic acid: 
(a) Salted 
(i) Score % .96 |94 92 85 |80 |70 |60 | 50 
(ii) Rate of decrease % m 2.1 2.1 8.2 | 6.2 | 14.2 | 16.6 | 20.0 
(b) Unsalted | : 
(i Score % 95 |92 lee lar |75 |65 155 | 44 
(ii) Rato of decrease % "ue | $21 4.5] 8.61 8,0 | 15.3 | 18.1 | 25.0 
Sour Cream 0.70% lactic acid: —— | | 
fm) Salted 
(i) Score % 99 |92 1.84 78 72 60 =| 55 45. 
(li) Rate of decrease % — | 7.6] 9.5|:7.6| 8.3|20.0| 9.0 | 22.2 
.(b) Unsalted | uu: 
| (à) Score % 92 |90 |85 |82 |72 |62 158 | 46 
(li) Rate of decrease % . | 2.2/5.8] 3.6 | 13.8 | 16.1 | 6.8 | 26.0 
Neutralised ae 0*3495 lactic acid: i 
(a) Sad — - 
(i) Score % | 90:90 |86 |82.|80 |72 |62 |52 
(i) Rate of decrease 97 o] LE] 46] 4.8] 2.5 | 11.1 | 16.1 | 19.2 
(b) Unsalted | | 
(i) Score 94, 88 |86 |.84 |80 ¡76 |66 |60 |50 


(ii) Rate of decrease % | 2.341 2.3| 5.0] 5.2 | 15.1 110,6 | 20.0 
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TABLE 8 


Showing the effect of Churning acidity of cream, neutralisation of sour cream and 
salting on the B. R. readings of butter stored at 40° F. 





Days in Storage 
Churning acidity of 
cream 


i Frenn] 4 | ae | az | 5 | mo | a | 


Sweet Cream 0.23% lactic acid: 


(a) Salted .55 142.60 (42.65 [42.75 ¡42.50 [42.50 [43,00 

(b) Unsalted 1 : 42. 60 42.70 |42.80 |42.84 142.85 |43.00 
Mild acid cream 0.34% lactic acid: | 

(a) Salted .50: [42,50 |42.55 [42.60 |42.75 |42.80 |42.85 |43.00 

(b) Unsalted i .50 142.60 142.65 142.85 |42.88 142.90 149.00 
Sour cream 0 70%, lactic Acid: 

(a) Salted à; .55 142.65 142.85 142.90 (42.90 |42.95 |43.00 

(b) Unsalted ; .60 142.70 |42.85 |42.90 142.95 (42,95 |43.00 
Neutralised cream 0.34%, lactic acid: ` | 

(a) Salted : .50 142.55 (42.60 142.80 ¡42.85 142.85 |42.95 

(b) Unsalted ; .50 |42.55 (42.65 (42.80 ¡(42.85 142.90 ¡(43,00 


TABLE 9 


Showing the effect of Churning acidity of cream, neutralization of sour cream 
and salting on the iodine value of butter stored at 40°F. 





Days in rada 
"Churning acidity of 





cream : 

Fresh 4 | æ | a | 6 | 70 | as | s 
Sweet cream 0.23% lactic acid: 
(a) Salted ` 33.02| 33.02| 33,02| 32.50| 30.50| 30.00) 29.20|28.95 
(b) Unsalted 33.02; 33.02; 33.02) 32.50) 30.50) 29.90) 29.45/28.95 
Mild acid cream 0.34%, Lactic acid : 
(a) Salted $3.02) 33.02) 33.02; 32.50; 30.50; 29.95) 29.20/28. 70 
(b) Unsalted 33.02) 33.02) 33:02) 32.50) 30.70) 29.45) 29.85/28.95 
Sour cream 0.70%, lactic acid : 
(a) Salted 33.02} 33.02) 33.02) 32.50) 30.50] 29.70, 29.20 28. 70 
(b) Unsalted 33.02. 33.09| 33.02] 32.50| 30.70| 29.45| 28.9528. 70 
Neutralized cream 0.34% Lactic acid: 
(a) Salted 33.02, 33.02| 33.02] 32.50| 30.70) 29.70] 29.20/28.70 


(b) Unsalted 33.02! 33.02! 33.02| 32.501 30.701 29.701 29.45128.95 
Sa ea NES E IN UTE TE NL SE EL TL ET LS En NET EC E 
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SUMMARY 


The present study was planned to study the quality of butter with 
special reference to : 
(i) Churning acidity of cream, 
(ii) Neutralisation of sour cream and 
(11) Salting of butter. 


In all there were eight samples with different treatments, which were 
examined at fortnightly intervals for different organoleptic, physical and | 
chemical constants. The results indicate that acid-cream butters give more 
desirable flavour and aroma than sweet cream butter. Neutralisation of high- 
acid cream also produced butter with lower but constant score than sweet 
cream. Acid values in the initial stages were proportional to the churning 
acidities and remained so throughout the storage period. During later 
stages, however, there was noted a progressive decline which was more rapid 
in sour and neutrali el cream butters than in sweet-cream one. Peroxide 
values also were proportional to churning acidities but exhibited a fairly 
low per cent rate of increase during storage. 


No significant effect of neutralisation could be marked on the acid 
value or peroxide value of butter during storage. 


Salted butters produced fine flavour and remained in good condition 
for a longer period than the unsalted ones. The effect of salt was specially 
marked in case of mild-acid-cream butter in enhancing its keeping quality. 


It can be inferred, therefore, that butter manufactured from ripened 
cream—0:34 per cent and salted at 2.0 per cent kept better for a longer period 
(56 days) with better score. Neutralised high-acid-cream butter. with 2°0 
per cent salt kept better upto 42 days and was found to be advantageous 
for short storage periods. Salt has an additive effect in preserving the 


product for longer duration, 
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Fig. 1. Showing the effect of acidity of cream on the acid value of butter stored at 400 F. 
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Fig.2. Showing the effect of acidity of cream on the peroxide value of butter stored at 400 F. 





ECOLOGICAL STUDIES ON CAMPONOTUS COMPRESSUS (FABR.), 
(FORMICIDAE : HYMENOPTERA) DURING SPRING 
IN HARDWAR* ! 


C. S. GUPTA 
Head of the Zoology Department, College of Science, Gurukul Kangri, Hardwar. 
Honorary Research Scholar, School of Entomology, St. John’s College, Agra. 


INTRODUCTION 


Camponotus compressus (Fabr.) is the common black ant of India. 
Rothney .(1889), Wroughton (1892) and Hingston (1923) have given interest- 
ing but scanty accounts of the habits of this ant. Its great economic value 
in connection with the lac insect has been emphasised by Negi, Misra and 
Gupta (1930). Ayyar has regarded it as definitely harmful because of its 
symbiotic relationships with a number of harmful insects. Ayyar (1935 and 
1937) further investigated its biology, nuptial flight and colony formation 
under climatic conditions of Coimbatore. To Bingham (1903) we are indebted 
for bringing together works of various taxonomists on this very interesting 
group of insects in the form of a fauna volume. Ecology of this ant in the 
climatic conditions of Northern India, however, has not yet attracted the 
attention of Indian entomologists. This paper contains briefly the results of 
ecological investigations carried out in the campus of Gurukul Kangri, 
Hardwar in Uttar Pradesh. 


GEOGRAPHICAL SITUATION AND CLIMATIO CONDITIONS OF HARDWAR 


' Hardwar is situated within the subtropical region, Lat. 29.58 N., Long. 
78:13 E., at an altitude of 965 feet above mean sea level, and stands on the 
right bank of the river Ganga at the foot of the Siwalik or the foot hill of 
Himalaya. Winters are rather extreme but summers relatively moderate. 
Actual weather data recorded at Roorkee, Lat. 29.51 N., Long. 77.59 E., at 
an altitude of 857 feet above mean sea level about 16 miles southwest of 
Hardwar, would roughly represent the conditions at this place. The data 
collected during 1961 is as follows:— 


Average maximum temperature 43-7°C 
Average minimum temperature : 40°C 
Average rainfall 49:19 inches 


DESCRIPTION OF THE LOCALITY AND STATION 


The observations were recorded from March 1962 onwards till about 
the third week of May 1962 at an ant nest situated at the base of an arjuna 





* Contribution No. 99 from the School of Entomology, St. John’s College, Agra. 
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tree, Terminalia arjuna, in the Ayurvedic College garden of Gurukul Kangri 
about two miles to the southwest of Hardwar railway station. The nest was 
situated at an exposed and windy eastern face of the tree trunk with the follow - 
ing measurements taken on 22.3.62 :— 


1, Nest hole dimensions : ol 
2. Depth of the nest hole as felt 

by introducing a soft grass stem 

into it, beyond which it sloped 


steeply into the galleries. 3:0" 
3. Height of the debris dug out 6-0" on the west, gradually sloping 
by the ants to the level ground towards north- 


east around the tree trunk to a 
distance of two feet. 


DIEL ÁcTIVITY 


Figure 1 and table 1 record the average activity observed on alternate 
days at different hours of the day and night during the months under observa- 
tion. Activity unit has been taken up as the number of ants counted near the 
nest hole or on the tree trunk upto a height of about 10 feet from the ground 
within a period of two minutes. As would be clear from the table and the 
graph, minimum activity is found at midday and peak is attained at night 
between 8 p.m. (20 hours) and 4 a.m. (4 hours). Wroughton (1892) believes 
the ant to be crepuscular, Hingston (1923) diurnal and Ayyar (1935) regards 
it as active throughout the day. 


TABLE | 


Statement showing the average activity of Camponotus compressus at different times 
during March, April and May 1962 and the average for the whole season. 



































March 2 6 23 25 24 14 
April — 7 e 2 5 8 4 5 7 
May 3 12 16 20 22 10 
Total of 3 months ^. 7| 33 | 47 49 | 5i 31 
Average of 3 months ... 2 | 8 i | 16 | 17]. 10 





It-is significant to note that during April a marked fall in the activity 
is found. This is perhaps due to the fact that the tree loses much of its 
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foliage and the ants are.not able to find their food and honey-dew from 
their “cows” the Membracids. With the arrival of fresh foliage and inflo- 
rescence during May, a sharp rise in activity is observed. Almost during 
every hour of the day, stray ants have been observed wandering about far 
from their nest. These journeys are probably undertaken in search of food. 
They exhibit a well pronounced negative reaction to dazzling day light and 
artificial torch light. This behaviour seerrs to be at the back of their peak 
activity during dark hours. | 


TEMPERATURE AND ACTIVITY 


Figure 2 and table 2 show that conditions of temperature inside the nest 
through the season under observation remain almost uniform and exhibit very 
insignificant fluctuations. The nest therefore offers a constantly favourable 
situation where the ants retire whenever the atmospheric temperature proves 
intolerable. The data collected points in no uncertain terms a definite bearing 
of the effect of temperature on the ants’ activity. 


TABLE 2 


Statement. showing the average temperatures in °C in the atr and inside the 
nest of C. compressus during the months of March, April and May 1962, 
and the average temperatures for the whole period. 


RL EE 


Hours 


Air 19 i 15 
March 

Nest 20 19 17 

Air 27 29 22 
April 

Nest 26 27 24 

Air 20 26 25 
May 

Nest 26 '26 24 

Air 75 68 62 
Total 

Nest 72 72 65 

Àir 25 23 21 
Average of three 
months Nest 24 24 22 








During the month of April the temperature fuctuations do not seem 
to effect the activity to a greater extent, probably due to the lack of foliage. 
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In the months of March and May, the effect of temperature changes on the 
activity is much pronounced. 1t would be clear from the above-mentioned 
figure and table that the activity varies inversely as the change of tempera- 
ture. The maximum temperature is recorded at 12 hours when the activity 
is at the lowest level. The temperature declines gradually by 18 hours with 
a gradual rise in activity. After 18 hours there is a steep decline in the tem- 
perature in consequence of which we find a sudden spurt in the activity. 
The minimum temperature is attained at about 4 hours around which time 
the peak of activity is reached. This, however, does not mean that the range 
of maximum activity is spread over almost the whole of the night from 20 
hours to 4 hours when the temperatures are low. The nocturnal nature of the 
ant therefore is perhaps partly due to the peculiar conditions of temperatures 
prevailing at different hours of the day and night. 


` WIND AND ACTIVITY 


Observations recorded on the effect of wind upon the activity of this 
ant show that the ants are on an average very active when the movement of 
airis very slow. With increase in wind velocity the activity falls. The 
increase in wind velocity modifies the effect of temperature on the activity by 
stepping up the rate of evaporation which the ants seem to avoid and under 
the influence of which they retire to their nest. Apart from the risk of eva- 
poration, the danger of being blown away by the fast. wind also to some 
extent restricts their movements. 


~ 


RAINFALL AND ACTIVITY 


Highest points of activity have been recorded during clear nights. The 
" overcasted sky and the rains immediately drive the ants to their nests. It is 
generally believed that an onset of rains marks an increase in the activity. 
This probably relates to the attainment of sexual maturity when the sexuales 
emerge from their nuptial flight. During the spring season, however, when 
the sexuales are immature, the rains do not seem to stimulate the activity. 
This is apparent here that it is not the rains which are at the back of the 
increased activity but the altered physiological condition of the individuals 
due to the maturity of the gonads. 


SUMMARY 


1, Detailed investigations on the effect of temperature, wind velocity 
and rain on the daily activity of the common Indian black ant Camponotus 
compressus are discussed. 


2. The rise in temperature is followed by a marked fall in the rate of 
activity. Maximum activity is observed when the temperature is lowest and 
particularly during the night. 
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3. Increase in wind velocity has an adverse effect upon the activity of 
the ant. 


4. Rains during the spring instead of stepping up the activity as 
generally believed retard their movement. 
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Graph showing the activity of Camponotus compressus, during the months of 
' March, April and May 1962, at various hours of the day. 
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Fig. 2. Graphs showing the activity of Camponotus compressus, at various hours of the day in relation to air an 
nest temperatures, during the months of March, April and May 1962. 


GIBBERELLIC ACID INDUCED PARTHENOCARPY 
IN THE PEACH 


AYODHYA PRASAD 
Department of Botany, Govt. Agricultural College, Kanpur. 


Recent researches revealed (1,2,8—12) the parthenocarpic development of 
fruits in several Piunus species. In the almond, apricot, Fay Elberta peach 
and plums parthenocarpy was induced by the application of GA (1). In pre- 
vious, preliminary tests, repeated applications showed GA to be effective in 
promoting parthenocarpy in the self fertile varieties of peach. In fact the 
yields from fertile varieties are also poor when environmental conditions are 
conducive to inadequate pollination. GA was tested in 1960 to determine 
if satisfactory results might be produced parthenocarpically. 


MATERIAL AND METHOD 


Eight year old bearing Sharbati trees were selected for this study 
and were situated between Sharbati and Elberta varieties of peach. Aqueous 
solution of Potassium salt of Gibberellic Acid of 150, 250, 500,750 and 1000 
ppm plus 0:05 per cent surfactant (Polyoxy ethylene Sorbitan monolaurate) 
were applied as a drench spray at full bloom stage on February 26 to emascu- 
lated blossoms. Each treatment was applied to a branch bearing from 240- $99 
emasculated blossom on each of 4 trees. 


Twenty blossoms on each branch were tagged. The fruit set percentage 
was recorded at maturity. At harvest 30 fruits of each treatment were selected 
at random and used for recording average cheek diameter, soluble solids and 
titrable acids. Results are summarized in the table 1 below : 


TABLE | 


Effect of GA on the percentage of parthenocarpic sel, cheek diameter, soluble 
solids and titrable acids of Sharbati peach ai maluriiy.* 










Concentration of GA Fruit set i udin cas rua 
parts per million 7/0 cm. % equivs, 
150 43:6 4:55 10:5 0:395 
250 50:4 4°68 10°4 0°386 
500 61:5 4:84 101. | — 0365. 
750 52:3 4:86 10: 7 0:352 
1000 44:2 4:95 — 10-6 0-340 
Emasculated only : 370 7°8 3:342 
Open pollinated : 6:27 8:9 0:309 





* Fruit set was recorded after one month of spray. 
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It is clear from table 1 that GA induced parthenocarpic fruits, ranging 
from 43:6 to 61:5 per cent, which were appreciably greater than the normal 
fruits, of open pollinated branches. All parthenocarpic fruits were elongated 
and looking normal in appearance, however, they were smaller in diameter 
than pollinated fruits. Cheek diameter increased progressively as GA concen- 
tration was increased. 


The fruits were compared in respect of the dimension and flesh thick- 
ness of 50 fruits of about same cheek diameter from each treatment. The 
measurements of mature GÀ induced parthenocarpic fruits and immature 
pollinated fruits were made on June 12, and the results are recorded in 
table 2. 


TABLE 2 


Effect of GA on Fruit and flesh dimensions of GA—induced parthenocarpic 
Sharbati peaches. 


















Fruit Flesh thickness 








Treatment 
(GA in ppm Cheek Suture | L Stem or 
: diameter | Diameter ength Cheek Suture Blossom 
cm. cm. ss SO; ME end cm. 
150 6:72 2°31 1:51 1:40 
250 6°78 2°43 1°53 1°58 
500 6:84 2°65 1°65 1:47 
750 7-30 | 2°99 1:85 1:51 
1000 7:55 3°02 1:92 1:60 
Open pollinated 
(immature) 6°08 2°06 1-00 1-31 
Open pollinated | ' 
(mature) 6:45 3 "45 3°52 1:74 


Emasculated only 


It is evident from Fig. 1 and table 2 that GA increased growth along 
the longitudinal axis of fruits. The GA induced fruits were not only greater 
in length but also thicker in flesh at the stem and blossom ends. The soluble 
solids as well as colour and firmness indicated that the parthenocarpic fruits 
ripened a week earlier than pollinated fruits. GA induced fruits of several 
species of prunus have been reported to ripé in advance of pollinated fruits 
(2, 6). Titrable acids in GA induced fruits were greater than the pollinated 
ones but a trend of decreasing acidity was found with the increasing of GA 
. concentrations. 
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Parthenocarpy has been induced in several fruits by auxin applica- 
tion and the research workers (4,9, 11 and 12) concluded that auxin is 
the limiting factor in the setting and subsequent growth of fruits. Phin- 
ney et al. (7) found Gibberelin-like substance in the young seeds of 
several prunus species. Gustafson (3) reported that auxin content was 
greater in naturally parthenocarpic ovaries than in their non-parthenocarpic 
counterparts. Since GA induced parthenocarpy in the almond, apricot 
and peach, Crane etal. (1) suggested that GA or GA-like substances also, 
should be considered essential for fruit set and- development. Small unde- 
veloped fruites may be presumed by partial lack of such growth stimulus. 
In case of cherry (9) GA plus an auxin induced parthenocarpic fruits while 
either of them failed in this respect. l 


Primer and Crane (8) pointed out that the stimulus is necessary for cell : 
division and cell enlargement in parthenocarpic apricots induced with auxin 
treatment. For the parthenocarpic fruits had less layers of smaller cells and 
consequently the average diameter of these cells was only 40%. of that of 
fertilized fruits. Small sized peaches in view of cell number, irregular shape 
and uneven maturity would be seen to be comparable to parthenocarpic 
apricots produced by treatment with the auxin 2,4,5,— Trichloro-phenoxyacetic 
acid (8). The stimulus may deficient in Sharbatismall sized peaches which is 
apparently necessary for normal cell division and enlargement in the mesocarp, 
appears to be GA ora GA-like material. This is indicated by the fact that 
not a single fruit of parthenocarpic type was produced on any of the branches 
unsprayed and pollinated. | 

The development of endosperm depends upon the auxin content of the 
ovule. Stahly and "Thompson (10) are of similar opinion that the highest 
auxin content in Halen haven peach ovules is associated with rapid deve» 
lopment ofthe endosperm and embryo and with the slowest growth of 
the mesocarp. Luckwill (4) points out that once initiation has occurred, 
subsequent growth very soon comes -under the control of auxin which has its 
origin within the developing seed, 

According to Luckwill (5) at least two kinds of chemical stimuli 
are involved in the fruit develop ment—primary stimulus initiates ovary growth 
while secondary stimulus, originating in the seeds, is necessary for the 
continued growth to. maturity. Thus it seems that the factor responsible 
for the development of fruit growth is inherent. Once the primary stimulus 
is operative through pollination or the application of auxin—-GA, the 
growth phenomenon of the resultant fruit is similar to Cherry (9) and pear (6). 


SUMMARY 


1. Aqueous solutions of GA, 150, 250 500, 750 and 1000 ppm applied as 
spray sto emasculated Sharbati peach blossom, promoted parthe nocarpic 
fruit set of from 43.6 to 61.5 per cent. 
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2. The parthenocarpic fruits were smaller in diameter than pollinated 
ones but they were larger in flesh at the stem and blossom ends. 


3.  Titrable acids decreased with the increase in GA concentrations. How- 
ever, the titrable acids and soluble solids were increased over the 
control. 
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Fig. 1. A—Qpen pollinated and B—150, C—250, D—500, E—750, F—1000 ppm, 
parthenocarpic fruits of Sharbati Variety of peach at maturity., 
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possibilities of other agents capable of causing such. ia dy detailed SES 
and histopathological studies. 


The lesions corisisting of bibas cds elongation and vacuolar degene- 
ration in intraepithelial glands of tracheal mucosa and diffuse mononuclear 
X infiltration in the submucosa, serofibrinous exudate with cellular infiltration in 
the air-sac can only be considered as suggestive | lesions of GRD in accordance 
with the findings of Jungherr et al ee Gross (1957), Adler. and Shrifrine 
(1960) and Jungherr (1960). 


One of the 26 cases with gross lesions showed norui in lungs and 
two cases revealed diffuse macrophagic.. and heterophilic infiltration in lungs 
© with’ associated suggestive lesions in air sac and trachea. These cases cannot be 
ascribed to PPLO infection similar to those. described by Jungherr et al (1955) 
who failed to detect ‘microscopic lesions in 3 out ‘of 12 cases having gross lesions. 
So it is clear from above studies: that the histopathological examination is of ' 
great importance. to establish the lesion of PPLO as 50 of 393 (12:795) cases 
without gross lesions . revealed only histopathological lesions similar to the 
findings of Jungherr et al (1955) who: demonstrated only microscopic lesions 
in 42: 5% cases in trachea and 11: 7% in lungs | in 180 grossly negative cases. 

SUMMARY | | 


? 


In the present studies 2943, birds under 3 months of age and 558 over 
three months were examined grossly in routine post-mortem examination. 
Only 26 cases out of 558 over 3 months were noticed to have gross lesions. 


Twentythree out of 26 cases with gross lesions showed microscopic lesions 
resembling to those caused by complicating agents in addition to PPLO. Fifty- 
two out of 826 cases without any gross lesions revealed histopathological 
lesions varying from lymphofollicular lesions to' giant cell granuloma in the lung . 
with associated lesions in trachea and air-sacs. 


The present study stresses the importance ofcarrying out histopathological 
examination for the diagnosis'of CRD in addition to gross examination. 
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Fig. 1. 2220P/61. Showing 
the presence of caseous exudate in 
thoracic and abdominal air sacs 
and thickened pericardium. 








Fig. 2. 1458P/61. Trachea showing lymphoid follicles and tubo-alveolar elongation 
of intra-epithelial glands. H. & E.x 180. 
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Fig. 3. 1458P/61. Lung showing the lymphofollicular focus in the tertiary bronchus 
along with slight serous exudate in the lumen. H. & E.X 180. 
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Fig. 4. 1458P/61. Lung showing giant cells in the lumen of tertiary bronchus in the 
exudate and in the vesicular walls which may be the early stage of granuloma 
formation. H. & E.X 180. 
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1458P/61. Lung showing the giant cell granuloma necrotic cellular 
surrounded by multinucleated giant cells. H. € E.X 180. 
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A NOTE ON THE INCIDENCE AND FLOWER COLOUR PREFERENCE 
IN SYRPHUS BALTEATUS (DE GEER), (SYRPHIDAE:DIPTERA)* 


J. L. NAYAR 
Senior Research Fellow, C. S. I. R., Ministry of Education, 
School of Entomology, St. John’s College, Agra. 


This paper records the occurrence and colour preference of different 
flowers by Syrphus balteatus (De Geer) in Agra during 1961. This fly is one 
of the widely distributed Syrphus and is known to b> extremely common in 
the East, all over Europe, Madeira, Canaries, N. Africa ard Asia including 
Japan. Brunetti (1923)+ records that these flies are found during whole of 
the warm weather, whereas its occurrence is mainly confined to the spring 
months and hardly a specimen is available after spring. 


In the outer ranges of Himalaya (Narkanda, 9,600 ft. 40 miles away 
from Simla on the Hindustan-Tibet Road) this species was also collected 
during the autumn months but was rather scarce. 


Collection Method--For the study of incidence the flies were collected 
regularly for a fixed period between 9'00 a.m. to 11:30 a. m. Collection 
by the sweep net was found unsatisfactory. Being swift fliers they always 
escaped at the slightest disturbance. Therefore, they were collected while 
resting. A small glass tube (3'x1") was used to trap the fly when sitting 
on the flowers or the foliage. The mouth of the tube was placed from the 
posterior side of the fly as soon as it came to rest on the flower or the leaf. 
Itsuddenly flew towards the blind end of the tube and simultaneously the 
mouth was corked. Though the procedure was tedious yet it was found 
tobe rewarding. 


The daily collection was sorted out and analysed on the basis of plant 
species from where the flies were collected. 


Habits—The adults are diurnal, pollen grain eaters and occur in parks 
and gardens, visiting flowers and the leaves. Before feeding, the fly comes 
in the vicinity of a flower and hovers over its top standing a little above it 
and at last clings to the flower head by its legs and starts taking the pollen 
grains. The feeding lasts for a few seconds only and soon the fly visits 
another flower either in the same bed or elsewhere. The flies which were 
kept in a small cage and fed over pollen grains, survived for a day only, 
probably because their flight was restricted. When feeding the wings remain 
stretched outwards and when the flies are at rest on the leaf surface, the 
wings lie folded over the abdomen. During flight, the wings are hardly 





* Contribution No. 97 from the School of Entomology, St. John’s College, Agra. 
T Brunetti, E, 1923. Faun. Brit. India, Diptera, 3 : 82-84. 


80 AGRA UNIVERSITY JOURNAL OF RESEARCH [Vol. XII 


visible on account of their rapid beating. The flies are heliotropic and 
disappear soon after sun-set. 


General observations—Syrphus balteatus (De Geer) makes its appearance in 
Agra only in the last week of February. Its population gradually increases 
and touches the peak somewhere in the middle of March and again shows a 
very marked fall till the end of April, after which it disappears. It feeds on 
the pollen grains of various plants belonging to the families Labiatae, Scro- 
phulariaceae, Solanaceae, Compositae, Verbenaceae, Umbelliferae, Papili- 
onatae, Chenopodiaceae, Ranunculaceae, Caryophyllaceae, Polemoniaceae 
and Rutaceae. | 


TABLE | 


Statement showing the number of flies caught weekly, the range of maximum 
temperature and their weekly and monthly percentages out of total collection in 1961. 







Weekly percentage| Monthly percentage 
Month No. of flies Range of 





max, temp; T Por a catch 

l. February 

4th week i 3 25-27*C 0:4 0:4 
2. March 

Ist week 82 31-37°C 11:0 61°8 
7 2md week 78 32-340 10:4 

3rd week 175 31-35*C 23^2 

4th week 125 29-35°C 16:8 
3. April 

Ist week 127 31-37°C 17:2 37:7 

2nd weck 78 33-36*C 10:4 

3rd week 56 34-43*C 15 

4th week 20 36-44^C 2:7 
Total number of flies 744 
collected 





This data show that the maximum number of flies available was during 
March, representing 61:895 of the whole collection. In April the percentage 
came down to 37:7 (Table 1; Fig. 1). After April the flies were not found. 


. In the last week of February only 0'4% of the whole collection were 
collected. "The highest weekly percentage of the catch was recorded from 
the'third week of March (23:595). A month later in the third week of 
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April the percentage decreased to 7:5. The last week of April revealed 
only 2:79, of the total catch. 


Further, this study (Table 2 and fig. 2) has also exhibited a well 
pronounced preference for white flowers. About 69°9°% flies were collected 
from white flowers of Iberis sp. Besides 6'8% were collected from other white 
flowers namely Raphanus sativus, Petunia alba, Fozniculum sp. Phlox sp. and Brac- 
hycome sp. This means more than 76% of the total catch came. from 
the white flowers. .Yellow flowers of Glycine soja came second in preference 
and attracted 11:595 of the total catch. The attraction by other yellow flowers 
(Brachycome sp., Eschscholtzia sp. and Sonchus sp.) was extremely low, repre- 
senting only 0°9%. The blue flowers of Ocimum basilicum, Salvia sp. and Brac- 
hycome sp. yielded 8:7% of total catch and the red flowers of Papaver sp., 
Antirrhinum sp. and Saponaria sp. were the least preferred with only 1'7% 
catch. These observations revealed that Syrphus balteatus (De Geer) is pre- 
dominantly attracted by the white flowers, and the yeei, blue and red 
flowers fall in the successive order of preference. . 


During February all the flies were collected from Iberis sp. ANN 
white flowers. In March about 87%, flies came from white flowers. In the 
Ist, 2nd, 3rd and 4th weeks of March, the white colour attracted 97:795, 
88°4%, 87:995 and 86:49, of the flies respectively. 


In April the catch from the white flowers was 59:895. A considerable 
rise was noticed from the yellow flowers, indicating 22:59; as compared to 
3:895 in March. The blue colour also showed a significant rise to 15:89; of 
the total catch. 


It has been found that the range of temperature has profound effect 
on the preponderance of these flies. During the last week of February 
with a range of maximum temperature of 257-27? C the seasonal catch was 
hardly 0:495. As the temperature rose more and more flies emerged. In the 
third week of March with 31°-35°C range of temperature 23:59; flies were 
captured. In the 4th week of March and lst week of April with the range 
of maximum temperature between 29°-37°C about 17% flies per week were 
captured. Here after the population of flies decreased considerably on the » 
onset of hot season. 


It is a well known fact that the Syrphus flies are attracted to heavily 
aphid infested plants for egg laying to ensure sufficient food supply for the 
young larvae, which feed on aphids. In the present investigations, however, 
it has been found that the plants under observations except Raphanus sativus 
were not at all infested by aphids, yet Syrphus balteatus exhibited a pronounced 
tendency to visit white flowers for feeding. It is worthwhile to record here 
that during the year 1961 the area under investigation was devoid of any 
aphid infestation. Normally, these aphids apart from providing food for 
future Syrphus larvae also provide honey dew to the adults. But as already 
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pointed out Syrphus balteatus in the absence of aphids visited white flowers 
more frequently than any other indicating a clear preference for colour. 


SUMMARY 


Syrphus balteatus (De Geer) occurs from the last week of February to the 
end of April. The fly is diurnal, pollen eater, showing marked preference - 
for white flowers. The yellow, blue and red flowers fall successively in order 
of preference by the fly. The optimum tempcrature suitable for the breeding 
of the fly ranges between 309-359 C. 
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Fig. 1. Graph showing the availability of Syrphus Lalteatus (De Geer) during February to April. 
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Histogram showing the flower colour preference by Syrphus balteatus (De Geer). 
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SHARPNESS OF THE COLLOID ELECTROLYTE BOUNDARY AS 
A CRITERIAN TO MEASURE THE MOBILITY OF COLLOIDAL 
MICELLE. III. ELECTROPHORESIS OF AS,S, SOL. 


P. D. BHATNAGAR! AND ABANI K. BHATTACHARYA? 


The importance of choosing a suitable electrolyte as supernatant 
liquid to produce a sharp descending boundary was discussed for positive 
sols of Cr(OH), and Fe(OH), On the basis of Kohlrausch Weber theory 
for ionic boundaries, it was reasoned out that the more probable value 
of the electrophoretic mobility of the colloidal micelle would be obtained 
when the colloid micelles are allowed to behave as leading ions ‘by properly 
choosing a suitable electrolyte to produce a sharp descending boundary. 


The present paper deals with our studies with  colloid-electrolyte 
boundary ofthe negatively charged AS,5, sol with various equiconducting 
electrolytes as supernatant liquids. The colloid electrolyte interaction 
reported with positive sols has been observed to play a distinct role in 


these cases. 


The conclusions drawn in the earlier ‘communication regarding the 
limitation of the analogy of the colloid-electrolyte boundary and pure 
‘ionic boundaries, and the greater significance of a sharp descending bound- 
.ary to give more representative values for the migration velocity of colloidal 

micelles, have been supported from the observations of the negatively 


charged AS,S, sol. 


EXPERIMENTAL 


The apparatus consists of two parts after Tiselius pattern, the decwode 

— vessel and the main U-tube fitted. by standard glass joints at P, and P,. M, 

M, are the electrodes supplying a constant current, the device for maintains 
Tee a constant current is described below:— | 


A sharp-cutoff pentode 6 S. J. 7, whose. plate current is independent 

of its plate voltage within a range of 40 to 500 volts (R. C. A. Receiving . 
. tube manual P. 0'211) is used in series with the U-tube as shown in the 
‘circuit (Fig. 1). ` . ae : 

The. voltage drop across the whole U-tube is first of all determined by 
the potentio-V. T. V. M. system allowing the required current (0*1 to 0*4 > 
milliamps) to flow through the circuit. The supply voltage from the rectifier 
is so adjusted that the plate voltage remains sufficiently above 40 votls. Now 
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bedni of: the characteristics of the tube 6 S. J. 7, .any change in the 
voltage drop across the U-tube due to changes ofthe resistance will not 
change the current in the circuit as long as the plate voltage remains between 
40 to 500 volts. The grid ofthe valve is connected toa series of batteries 
to give itthe required negative potential for ne lone amount of current 
(0*1 to 0: 4 milliamps). . 


OBSERVATIONS AND DISCUSSION 


= According to the theoretical considerations of Kohlrausch and Weber 
for ionic boundary, a stable boundary can be realised when the slower 
moving ion follows the faster moving ion, such that both move with equal 
speed. An extension of. such considerations has been put to practical: 
tests for ionic boundaries and many more suggestions have been introduced 
by eminerit workers in this field. 


.J. N. Mukherjee! (1928) after a large number of electrophoretic 
measurements was first to conclude the necessity of securing an identical . 
ionic.environment during the movement of the colloid particles. As the 
use of ultrafiltrate as the upper liquid is not free from objection, he suggested 
equiconducting supernatant layer of a suitable electrolyte. 


| Henry and Brittain® (1933), on basi: of mathematical treatment inferred 
that ““the ue of falling boundary shall be undoubtedly peso to thát of 
the rising”. 


Considering the conclusions of both these pioneers a suitable electrolyte 
was chosen as supernatant liquid to : (1) produce an identical ionic environ» 
ment during the motion of the colloid particles, and (2) to produce a 
. Sharp descend/ng boundary. As the counterions in case of ‘AS, S, sól are 
H* ions, equiconducting HCl, H,SO,, H¿PO,¿.  Oxalic acid and acetic acid 
were tried as the supernatant layer at the boundary. 


Plate -nos. 1 and:2 show that a sharp ascending and a diffuse descending 
boundary is obtained with equiconducting HCl, H,SO,, H,PO, and oxalic 
acid, and it was only with acetic" acid that a sharp descending boundary 
was gbisiaed: It will be seen from the plate nos. 1 and 2 that the inference 

of the Kohlrausch Weber? theory can only be qualitatively applied. to interpret 
the sharpness of colloid-electrolyte boundaries. 


The descending boundary gets ‘diffused when iio HO, 
HSO, H,PO, oxalic acid are used as supernatant liquids because here 
the mobility of the colloid micelles acting as leading ions is esser than that 
of Gl, SO,--, PO,—-, and oxalate ion, which bzhave here as indicator 
ions (table no. 1) while withacetate ion as indicator ion (whose mobility 
is lesser than that of the colloid micelles) the boundary acquires -a distinct 
sharpness. Similar is the case of ascending. boundaries ‘which ~ are sharp 
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when the Cl-, SO,--, PO,7-- ions (here acting as leading ions) are. followed 
by colloid micelles of dowei mobility (behaving as indicator). 


The case of sharp. ascending. boundary with acetic acid ‘is however . 
not in accordance with the expectations ofthe Kohlrausch theory. Also, 
it will be-seen for table no. | that the colloid micelles do not appear 
to move with the velocity of the leading ions as required by the theoretical 
treatment of Kohlrausch and Weber. The possible colloid-electrolyte interac- 
tion as discussed in our previous communication, seems to be a likely cause of 
such deviations, which is indicated by the variations of the potential at the 
subsidiary electrodes during the electrophoretic movement: under constant 
current (Fig. 2). According to Ohms law for constant current between’ the 
subsidiary electrodes, the voltage across them should be constant A that 
_ the resistance of the system remains constant, for | 


| x R ac 
const const . const 
but as it is an established -observation that variations in the voltage across the 
subsidiary electrodes do take place, it can be plausibly assumed that the 
resistance changes on passing the current as 


Ve = b en RS 


const 


and V, = Pf x R, etc. å E 


Since in our experiments the products of electrolysis were cut off from 
the main U-tube by the Tiselius arrangement and the effects of polarisation 
were excluded by using electronic constant current supply at the main elec- 
trodes and potentio-V. T. V. M. was used as potential measuring- device across 
the subsidiary electrodes, any changes in potential across the main U-tube ` 
will be due to the changes in the resistance of the colloid and electrolyte - 
forming the boundary. From the studies on the variations of potential with 
various equiconducting electrolytes as supernatant liquids it has been observed 
that such variations shów, different ascending and descending characteristics, 
(curve no. 1, 2, 3, 4). This may be taken as an index that different electrolytes 
interact with the sol boundary in different ways. If there was no interaction, 
we would expect that, ceteris paribus, the curves should be linear and parallel 
to the time axisin the plot of voltage V/S- time, and because this is not 
so, the collord-electrelyte interaction seems to be mainly responsible. 


To obtaiü more information about the colloid-electrolyte boundary under | 
the influence of electric field, work is in progress. 
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STUDIES ON BLOSSOM BUD DIEFERENTIATION AND MALE 
.GAMETOPHYTE IN LIMONIA ACIDISSIMA Linn. (Kaitha). 


P. N. BAJPAI AND A, N. MAURYA 
Government Agricultural College, Kanpur. 


Kaitha is a tropical fruit tree and grows wild in many parts of India, 
Java and Ceylon. Itis in great demand for its medicinal value, fruits and 
timber. Ita transparent oily exudations from the bark is used .for making. 
colours. The tree sheds its leaves in the last week of February and by first week 
of March it is leafless. New vegetative flush appeais by middle of March. 


A study of the time of dower bud differentiation is necessary for the 
application of cultural practices to improve flowering and fruiting status of 
a tree. Gardner et al (2) stated that the rather restricted period of fruit 
bud formation can be varied somewhat by cultural treatments including per- 
haps any practice that modifies the rate of growth. 


Blossom bud differentiation has been studied in. detail in most of the 
temperate and some of the subtropical and tropical fruit trees but Limonta 
acidissima (Kaitha) seems to have escaped the attention of research workers. 
So, the present study has been made with a view tò collect information’ on” 
time of blossom bud differentiation _of Kaitha tree under Kanpur (U..P.) 
conditions. 


MATERIAL AND METHOD 


~ The study "was: conducted on a fifty year old Kaitha tree which v was in full 
bearing age, in the Botanica] Garden, Government Agricultural College, Kanpur. 


The flowers are axillary and appear in clusters on branches: which are 
a year or more old. So 200 buds were tagged in January. 1961 on such 
branches to determine the time of blossom bud differentiation and ten buds 
were collected at weekly intervals from these, till the end of March 1961. 


|... Buds were killed and fixed in Formalin-aceto-alcohol and dehydrated in 
Ter. Butyl alcohol after Johansen’s method (4). > Longitudinal sections of 
12 and 10 microns thickness were cut to study the bud differentiation and bud | 
development, and gametophytic studies respectively. " Sections were stained 
in delafield’s hematoxylin. 


RESULTS 


The condition of broadening and flattening. of apical meristem with 
two lateral protuberances on either side of it was taken as criteria for: the 


i 
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floral bud differentiation as suggested by Randhawa and Dinsa (6) in citrus 
and Singh (8) in mango. 


z TABLE 


r 


Showing the-number of differentiated buds at weekly interval. 


























S.No. Date of No. of buds No. of buds Max.mean temp. 
: collection collected Differentiated of the week in °C. 
l 8.1.61 10 225- 
2. 15.1.61 10 di 24:2 
3. - 22.1.61 10 o> : 241 
4, 29.1.61 MET | [| 54 
ELS 5.2.61.— 10 oe 258 
6. ` 12.2.61 10 2 1 . 26:2 
7. 19.2.61 10 3 271 
8. 26.2.61 10 5 . 27:5 
9. 5.3.61 10 8 | .828:8 
10. 12.3.61 - 10 g " 28:6 





The first evidence of bud differentiation was observed on 12.2.61 as is 
| evident from the data of the above table, when only one of the buds differentia- 
ted. During this time the tree was in a leafless condition. As the tempe- 
rature began to rise and the condition became more favourable for vegetative 
growth, the number of differentiated buds increased and by March 19, all 
the buds which were sampled, were found to have differentiated. Thus the 
blossom bud differentiation began on 12th February, 1961 and lasted till 26th 
March, 1961 a period SE: months. 


ORGANOGENY OF FOLWER 


- Prior to floral differentiation, the apical bud of the vegetative shoot is 
dome shaped (Fig. 1). As soon as the flattening and broadening of the main 
apax starts, there appear two lateral out growths on either side of the dome, 
and these are the primordia of sepals (Fig. 2). As the sepals advance, primor- _ 
dia of petals, stamens and carpels make their Ci in acropetal succession 


Figs. 3, e 
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/  MICROSPOROGENESIS AND DEVELOPMENT OF MALE GAMETOPHYTE 


The anther wall consists of 5 to 6 layers, the epidermis, endothecium, 
two to three middle layers and a layer of tapetum (Fig. 6). The cells of middle 
layers become tangentially elongated and start to degenerate at the time of 
meiotic division of the microspore mother cell (Fig. 7) and are completely 
absorbed by the time pollen. grains become mature. Simultaneously, the 
cells of tapetum begin to disorganise and by the time the microsores separate 
from their respective tetrads, the: cell walls of tapetum disintegrate (Fig. 8). 
The pollen grains are shed at the bicelled stage: 


Discussion 


The various cultural practices, if given at a proper time, help in the 
successful management of orchard trees and so the knowledge of the time 
of blossom bud differentiation is ofimmediate importance to the orchardist as 
well as a research worker. 


In the present investigation, the first evidence of blossom bud differentia 
tion was observed on February 12 and the flattening and broadening of the 
apical meristem was taken as the criterion for blossom bud differentiation as 
suggested by Abbot (1) in citrus, Hill and Davis (3) and Waldo (9) in temper- 
ate fruits. 


It seems that a warmer season favours blossom bud differentiation  be- 
cause during this period the average maximum temperature was 26:290 and 
as the maximum temperature increased the number of differentiated buds also 
increased. The buds collected on 26th March showed hundred per cent differ- 
entiation and at that time the maximum temperature was 29°5°C, These 
findings are in agreement with those reported in citrus by Abbot (1), Randhawa . 
and Dinsa (6) and d and Dhuria (7) which also belongs to the famil 
Rutaceae. 


The development of male gametophyte was normal, There are 4 to 7 
layers.of cells in a mature micro-sporangium. The microspore arrangement 
in tertrads is mostly tetrahedral. Similar observations have been made by 
Osawa (5) in citrus. 


SUMMARY 


(1) The first evidence of blossom bud differentiation in . Limonia acidiss- 
ima was observed on February 12, under Kanpur conditions when the aver- 
age maximum temperature was 26:2 C. 


(2) The period of differentiation lasted for 14 month - from February 
12 to March 26. 


(3) The development of male gametophyte was normal, 


100. 
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Fig. l. L.S. of a vegetative bud with a conical crown X 175. 


(a.c.— apical crown, t=thorn primordium). 





Fig. 2. L. S. of a differentiated bud showing sepal primordia x 175, 


sp.—sepal primordium, r.c.—regular apical curve. 
P pal p 
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Fig. 3. Showing emergence of petal primordium X 175 


pp.=petal primordium. 
f.c.—flattened crown. 





Fig.4. Showing initiation of stamen and carpel primordia X 175. 
stp. =stamen primordium 
c.p. =carpel primordium 
p.p. =petal primoridum 
s.p. =sepal primordium 
sec.p. =secondary lateral bud. 


[Vol, XII 
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Fig.5. Showing a completely developed flower. X175. 
St.=Stamen, Gy.=Gynoecium, p.=petal, sp.=sepal. 





Fig. 6. T. S. ofa microsporangium 

(A) Compect mass of microspore mother cells, 

(B) Showing separation and loose mother cells X 100. 
€p. — epidermis, end.=endothecium, 
ml.=middle layers, tp.=tapetum, 
mm.=microspore mother cell. 
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Fig. 7. Showing degenerating tapetal layer and degenerated 
middle layers. 
ml.=middle layers. X770. 



























































Fig. 8. Showing tetrahedral arrangement of microspore x 770. 
tp. —tapetal layer, 
tt. —tetrahedral arrangement of microspore tetrads. 


STUDIES ON THE MORPHOLOGY AND PHYSIOLOGY 
OF THE ALIMENTARY CANAL OF MASTACEMBELUS 
PANCALUS (HAM). 


V. P. AGRAWAL AND A. P. Tyaci 
D. A. V. College, Muzaffarnagar. 


INTRODUCTION 


The fish Mastacembelus pancalus, locally known as “Chhota Bam” is 
abundantly found in Kalinadi and. other streams of the locality. It is an 
elongated eel-like fish which usually burrows under the soft substratum; it 


can also be kept in the aquarium under the artificial conditions for a consi- 
derable period. 


It has been considered worthwhile to study the morphology and physi- 
ology of the alimentary canal of this burrowing fish which is peculiarly 
modified in shape in response to this new habit. 


"HISTORICAL 


The morphology and histology of the alimentary canal in teleostean 
fishes ` have been studied by many workers. Rogick (1931) described the 
digestive tract of minnow, Campostoma anomalum, Sarbahi (1939) that.of Labeo 
rohita while Curry (1939) discussed the digestive tract of Cyprinus. Al-Hussaini 
(1946, 1947 & 1949) has discussed in a comparative way the alimentary canal 
of a few teleosts, in order to correlate the different aspects involved 
such as feeding habits, structure of alimentary canal and physiology of 
digestion. 


The pyloric caeca in various families of Teleostei have been studied 
by Rahimullah (194la, 1943 & 1945). | 


Investigations on the physiology of digestion in fishes have been few; | 
workers on the food of fishes have made only incidental observations on the 
physiology of digestion. Rahimullah (1945) instituted a comparison between 
the physiology of digestion of pyloric caeca in the carnivorous fish, Ophio- 
cephalus striatus and the herbivorous fish, Osphronemus goramy. 


MATERIAL AND METHODS 


The specimens of Mastacembelus pancalus were collected from Kalinadi 
which runs within the outskirts. of Muzaffarnagar. They were kept in an 
aquarium which was provided with a sandy bottom, 


To determine the hydrogen-ion-concentration of the normal feeding 
fishes, freshly collected specimens were dissected alive. The different parts 
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of the alimentary canal were carefully separated and the pH in them deter- 
mined both by capillary indicator and indicator paper methods. 


For the qualitative analysis of the digestive enzymes in the different 
parts of the gut and the digestive glands, the extracts of the different parts 
were PE epared as follows: 


“honk 20 fishes were starved for a week, to clear off the gut from 
any food contents; these were then dissected in living condition and diffe- 
rent parts of the digestive system were separately ground up with a little 
thymol and a few drops of glycerol to form a thick uniform emulsion. This 
was diluted with 5095 glycerine to make a solution of about 10% strength. 
The solution after being centrifuged at 3000 r.p.m. was kept over toluene 
for about a week before it was tested for the different enzymes. 


THE ALIMENTARY CANAL 


Mastacembelus is a carnivorous fish; itis a bottom feeder and usually 
feeds on such minute animals as white worms, blood wornis, glass worms and 
such other crustaceans as Daphnia. 


The organs concerned with the capture of food, its digestion and 
absorption, comprise the alimentary canal proper with its associated glands. 


The alimentary canal of Mastacembelus is a comparatively short tube, 
in a fish about 12 cm. long the total length of the gut being only 5 cm. 
It forms an almost ego tube opening poroniony by a small slit-like 
ventral anus. 


The alimentary canal of Mastacembelus consists of : 
(a) The mouth and buccal cavity, 

(b) The oesophagus, 

(c) The stomach, 

(d) The intestine and 

(e) The rectum. 


The mouth of Mastacembelus is a very small (about 0'4 "cm. in diameter) 
terminal opening situated on the narrow long snout-like prolongation of the 
head. The upper lip is extended forward into a trilobed flap which is a soft 
membranous and mobile structure; its distal margin is richly supplied with 
taste buds and thus serves for the selection of the food from the substratum 
where the fish burrows. This flap consists of a median stiff, solid and 
pointed process and two lateral soft, hollow and blunt projections. 


_ The buccal cavity is a long . dorso-ventrally flattened, spacious cavity, 
being about 1:5 cm. long and 0°5 cm. wide. The roof of the cavity is formed 
by the base. of the cranium while the sides.and the floor are supported by 


Sept., 1963] V. P. AGRAWAL et al on Morphology & Physiology of Alimentary Caual 107 
branchial arches and the median urohyal respectively. The tongue. of the 
fish is a triangular structure consisting of the gloosohyal enclosed in a thick 
mucous membrane. | 


The dentition on the roof of the buccal cavity is represented only by 
the maxillary teeth (palatine and vomerine teeth being absent) which are 
arranged in a double row on the outer margin of the upper jaw. These 
teeth are directed backwards and are borne on the two premaxillae, 


The mandibular teeth on the floor of the buccal cavity are small and 
pointed; they are arranged in double rows on the dentaries of lower jaw. 


The posterior part of the buccal cavity broadens into the pharynx, 
. about 1:9 cm. long and 0:5 cm wide; the pharynx is divisible into a narrow 
anterior portion and the broader posterior portion. The roof of the ante- 
rior part of the pharynx is supported by the base of the cranium while the 
floor is formed by the’ hypo-branchial and the median basi-branchial 
elements. It is perforated on the latero-ventral margins by the gill 
slits through which the pharynx communicates with the branchial 
chamber. | 


The pharyngeal teeth are small and close set, they are directed back- 
ward and are arranged Ona pair of oval patches, situated on the roof of 
the anterior part of the pharynx. Each pad measures about 0'7 cm. in length 
and about 0:5 cm in width and bears about 42 teeth. 


The dentition of Matacembelus is polyphyodont, a new tooth originating | 
from the base of a worn out tooth. The teeth are highly specialised for 
catching the prey and also.for preventing its escape out of the buccal cavity. 


The Oesophagus : 


The bucco-pharynx, at its anterior end descends a little and passes into 
narrow, long, tubular oesophagus which is about 2:3 cm. long and about 
0*4 cm in diameter. In its natural position, the posterior half of the oesopha- 
gus is covered over by the liver. The pneumatic duct leading into the air 
bladder, arises as a dorsal diverticulum of the oesophagus. The mucosa of 
the oesophagus is raised into well pronounced longitudinal folds, continuous 
from the posterior part of the pharynx. 


The Stomach: 


The stomach of Mastacembelus is along inconspicuous structure, almost 
of the same diameter as the oesophagus; it is about 1 cm long and about 0°5 
cm in diameter. It bends posteriorly into a Jelike structure, the smaller 
arm of J representing the pyloric stomach while the main arm forms the - 
cardiac stomach. The mucous lining of the cardiac stomach is’ raised into 
almost straight longitudinal folds, while the pyloric region has thick and 
more conspicuous mucosal folds. 
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The Intestine: 


The stomach leads into a short uncoiled almost straight tube, the intes- 
tine, lying in the posterior half of the body cavity. Anteriorly, it forms a 
U-shaped loop with the posterior limb of the stomach. 


The length of the intestine varies in the different fishes in relation to the 
body size of the fish. In Mastacembelus ithas bcen estimated that the size of 
the intestine varies in direct proportion with the length of the fish. It has 
been found that the intestine of a full grown specimen is about 3:5 cm 
long and 0'4 cm in diameter. The mucosal folds of the intestine are 
web-like and thus increase the absorptive surface of the intestine. 


Anteriorly, at the junction of the intestine with the stomach are givén 
out a pair of intestinal or pyloric caeca (Fig. 1); the caeca are small—about 
6 mm long and 3 mm in diameter—blunt finger-shaped structures which 
are directed backward. Its mucosa is thrown into folds known as caecal 
villi, similar to those of the intestine. | | 


The Rectum: 


Posteriorly, the intestine passes insensibly into thin walled rectum 
which opens to the exterior through small slit-like ventral anus; situated 
in front of the anal fin. There isa prominent ilio-rectal valve at the junc- 
tion of the ilium and rectum. The mucosa. of the rectum is almost smooth. 


-The Digestive Glands: | | \ 


* 


The liver isa large unilobed solid mass, dark brown in colour; it lies 
above the posterior half of the oesophagus and the anterior half of the stomach 
to which it is firmly attached. A large hepatic duct arises from the middle of 
the liver and opens into the gall bladder. 


The gall bladder is a conspicuous oval structure, dark green in colour 
and is filled with a greenish fluid. The common bile duct arises from the 
gall bladder and opens into the anterior part of the duodenum. 


The pancreas of the fish is diffused in and around the liver. 
pH DETERMINATION 


The determination of pH is an important aspect of the study of the 
process of digestion, for different enzymes act optimally under different 
hydrogen-ion-concentrations. The pH of the different parts of the digestive 
tract and the associated.glands has been tested both by capillary indicator 
and indicator paper methods.  , 


The average pH of the different parts of the normal feeding fish which 
were digsected, soon after they were collected, is tabulated on the next page.. - 


Sept., 1963] V. P. AGRAWAL et al on Morphology & Physiology of Alimentary Canal 109 





: TABLE | 
pH of the diferent parts of the Alimentary Canal of Mastacembelus. — 
: . 2 B 3 

Rc m «| Pla lz] 3 g | ¢g 

erial No. Buccal cavity 5 E E E E E 3 8 

A o a óZ|3|5]|z 
1 6:5 68| 6:71 64) 6€9| 64) 75] 671] 67 
2 6:6 cel 68| 65] es] 67| 74| 64| 69 
- 3 6:5 6-7). 6:9| 6€7| 6€8| 66! 7:3] 66] 70 
4 6:4 | €9| €8| 65] 69] 65| 74| 65| 68 
5 6°6 6:7 167 | 661 6&7) 65|.75]| 6'5| 68 
6 = 655 68 | 68| 66! 6:8| 6€6| 74| 6:5] 69 
Average pH 6:5 68| €8| 661 681661 7:4] 65, 6:9 


AAA ta 
The above table shows that the medium in the buccal cavity, stomach, 
intestinal caeca and intestine is slightly acidic; while the pH in the pharynz, 
oesophagus, gall bladder and rectum is nearer neutrality. The medium 
in the liver is weakly alkaline. | 


A few fishes were starved for about 70 hours by keeping them in filtered 
water, so as to clear off the alimentary canal from any food contents; the pH of 
the parts of the gut was tested as before. The results of these readings were 
found to be not very different from the normal feeding fishes as given in table 1. 


Another set of fishes which were starved for about 80 hours were then 
fed on animal plankton so as to find out if the ‘selective feeding has any 
effect on the pH of the alimentary canal, the results were negative. 


QUALITATIVE EsTIMATION OF ENZYMES 


The extracts of the.different parts of the alimentary canal were prepar- 
ed as described earlier. A few drops of the tissue suspension of the 
different parts of the gut of Mastacembelus were incubated with a few drops of 
different substrates at room temperature; the control experiments were also set 
up in each case. These incubated solutions were tested after the interval of 
24 hours, 48 hours and 4 days for any digestion of the substrates. For the 
determination of amylase, invertase, glycogenase, raffinase, inulinase and 
salicinase, Fehling's and Benedict's tests were performed while for maltase and 
lactase, osazone and Barfoed's tests were performed. 

The presence of lipase was tested by conducting experiments on condensed 
milk. Two drops of bromo-thymol blue were added to 25 ml of a 10% 
milk solution; 1% sodium hydroxide solution was added until the solution 
turned light blue. One ml of blue milk solution was added to a few drops 
of the different extracts and the rest of the tubes were filled with toluene. 
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After a few hours of incubation the-colour of the solution, wherever the 
lipase was present, changed to yellow. However, the control experiments in 
each case gave negative results. The presence of lipase was further confirm- 
ed by experimenting with olive oil. Ten drops of olive oil were. dissolved 
in 4 ml of absolute alcohol; 4 ml. of hot water was added to it. The. 
mixture was then allowed to cool and 10 drops of phenol red were added. 
A few drops of 0:01 N NaoH were added to make the emulsion faintly pink, 
2 ml of this mixture was incubated with 1 ml of each extract. Shortly, the pink 
colour of the mixture changed to yellow, thus confirming the presence of lipase. 


The presence of proteases was investigated by incubating a few drops of 
the different extracts with 10% gelatine solution. The gelatine was completely | 
liquified in the cases where the enzyme is présent; in the control experiments 
the gelatine remained. solid. 


To summarise these results, the following tables are given to demons- 
trate the results of these experiments with respect to the extracts from the dif- 
ferent parts of the alimentary camal of Mastacembelus. The sign +-+ means a 
vigorous reaction; + a definite positive reaction; + traces of reaction while — 
indicates no reaction at all. ; 


= TABLE? 
Showing the presence or absence of Enzymes in b Liver. 


ee] 


Duration of reaction & extent of Control experiments 
S. No. Substrate is 
After 24 hrs. | 48 hrs. | 4 days 24 hrs. 4. days 
1. | 1% starch soln. PNE TET d mn = 
2. Saturated soln. of -+ + E us A 
3. DH soln, + + + ee Lu 
4. 29, maltose soln. — — -— ZI X 
5, 295 lactose soln. — — = TT as 
6. 195 raffinose soln. + | + + un i 
7. | 19% inulin soln. ES + + " m 
8. 1% salicin soln. $ + + — zs 
9. | 10% gelatine soln. Dissolved in 8 bours Remained solid 
10. [Condensed milk etc. Colour changed to yellow Nit 





The above table shows that most of the carbohydrates are digested by 
the enzymes secreted by the liver cells and the cells'of the pancreas which lies 
diffused with in the liver. However, maltose and lactose are not digested, 
Both, proteases and lipase are quite active. 


— 
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Similar experiments were zi: set up with the éxtracts of intestinal caeca 
and the intestine, the results are tabulated in the following tables 3 and 4. 


j 


| ' -TABLE 3 
Showing the Results of the Experiments with the Caecal Extract. - 

















Duration of reaction & extent of Control experiments 
S. No. Substrate digestion — 
24 hrs. : 48 hrs. | 4 days 24 hrs. - 4 days 
L. 1% starch soln. — = z aa = 
2. Saturated soln, of + + . + Se T 
glycogen 
2: 5% ‘sucrose soln. — . . — a Eus 
4. 295 maltose soln. M o — O = - 
5. 2% lactose soln, wx. eo ee pra sa al 
6. 1% raffinose soln. NE ee ee == = 
de 1% inulin soln. cs : = gauren — jad 
8. | 1% salicin soln. Se ee, ous e = 
9. 10% gelatine soln. Got. -semi-digested | AE B Remained solid 
10. ¡Condensed milk etc. No change | in the colour . No change in colour 
te 4 
Results with the Intestinal Extract of Mastacembelus. 
Duration of reaction & extent of — Control experiments 
S. No. Substrate digestion = 
24 hrs.. |. 48 hrs. | 4 days 24 hrs. 4 days 
L 1% starch soln. |. — o — = dm 2s 
2. Saturated soln. of + d y — — 
glycogen 7 
8, 5% sucrose soln. — = € S EM 
4 295 maltose soln. — o — — im 
5 2% lactose soln, — — odo o lo 
6. 1% raffinose soln, — | — E — = 
7 1% inulin soln. — zu. = - a oo 
8. | 1% salicin soln. = a ES " z 
9 10% gelatine soln.| . Became semi-liquid | Remained solid 
10. ¡Condensed milk etc. No change in the colour | No change in colour 


' " zx " ————— INSEL M Lame: n su a Tesco TEN a EURO io " 
> 
~ 
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The results tabulated in tables 3 and 4 show tatu only glycogenase and 
proteases are secreted by the caecal and intestinal cells of the fish. 


Similar experiments were, performed with the extracts of oesophagus, 
stomach, rectum and gall bladder and it was observed that none of the 
digestive enzymes are secreted by the cells of any of these parts. 


DISCUSSION 


The fish Mastacembelus pancalus is a bottom feeder, selecting its food 
from the substratum where it burrows. The intestine is comparatively very 
small and this can be interpreted in terms of diet, It has also been observed 
that there is some effect of the diet upon the length of the intestine which is 
-mainly concerned with the absorption of digested food.. Al-Hussaini (1947b) 
described the intestine of carnivorous forms, Belone and Sphyraena as small 
and almost straight and the carnivorous habit of Mastacembelus accounts for 
its small intestine, and as suggested by Al-Hussaini (1947b) is an adaptation 
to carnivorous habit. The presence of pyloric-caeca as outgrowths of the 
intestine, compensates for this small size of the intestine, According to 
Rahimullah (1945), the caeca are characteristic of Actinopterygii and are 
supposed to perform the function of the storage of reserve food material and 
also secrete’ such digestive enzymes as diastase, lipase, trypsine etc. 


The small and inconspicuous nature of the stomach is another adaptation 
to its feeding habit as the fish is only a casual feeder—it has not to store 
the food in the stomach which is its primary function. 


The investigations of pH in different parts of the alimentary canal of 
Mastacembelus show that the medium in the different parts ofthe gut is very 
similar to each other, being only slightly alkaline in the liver while it is . 
distinctly acidic in the intestinal caeca. Bayliss (1935) and Al-Hussaini 
(1949b) also noticed that the medium in the stomach and other parts of the 
gut of teleosts is only slightly acidic.. It has also been observed that the pH 
varies but little in the empty alimentary canal and that full of food contents. 


The pancreas in Mastacembelus, as also found by Babkin and Bowie 
(1928) in Fundulus, is in a diffused form and extends into the liver. Most 
of the enzymes exhibited by liver extract of the fish may be attributed mainly 
due to presence of pancreas around the liver in the diffused form. 


Ishida (1936) found that many of the carbohydrate hydrolysing 
enzymes are present in most of the fishes with in the intestine but practically 
none could be traced in the intestine of Mastacembelus. It has also been 
observed by Agrawal and Singh (1963) that most of the carbohydrates are 
hydrolysed by the herbivorous fish, Colisa fasctata. These carbohydrases are 
not very active in the carnivorous fish Mastacembelus; the proteases and lipase, 
on the other hand, are more active in this carnivorous fish, l 
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SUMMARY 


e 


Mastacembelus pancalus is an elongated ecl-like fish which usually burrows 
under the soft substratum. It is predominantly carnivorous fish. 


The alimentary canal of the fish consists of the buccal cavity, the oeso-. 
pbagus, stomach, intestine and rectum; paired pyloric caeca arise as small 
processes of the intestine at its junction with the stomach. 


The study of pH. shows that the medium in the buccal cavity, the stomach 
pyloric caeca and intestine is weakly acidic while in the pharynx, oesophagus, gall 
bladder and rectum it is nearer neutrality. The pH in the liver is weakly alkaline. 


Investigations on the qualitative estimation of digestive enzymes in 
the different parts of the gut revealed that many of the carbohydrases are 
secreted in the liver which also includes the diffused pancreas, while almost 
none are present in any part of the gut proper. Proteases and lipase are 
also quite active in the liver extract of the fish. 
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ARE: 
Fig. 1. The alimentary canal of Mastacembelus pancalus. 
a, anus; a.f, anal fin ; a. ph., anterior pharynx; b. c., buccal cavity; b. w., body- 
wall; c, pyloric caeca; co, coclom; f, fold of upper lip; g. a., gill arch; g.b., gall bla- 
dder; h. p., pharyngial pad; i, intestine; 1, liver; m, mouth; m. t, maxillary teeth; o, 
oesophagus; o. o., oesophagial opening; pect. f., pectoral fin; ph. t, pharyngial teeth; 
r,rectum; s,stomach; sp, spleen; u. lL, upper lip. 
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UPTAKE OF NITROGEN, PHOSPHORUS AND POTASSIUM 
BY CHLOROSIS AFFECTED CITRUS PLANTS 
DURING RAINY SEASON IN COORG 


` *N. N. Dixsurrt AND C. M. ÁBDUL Majin? 


Dieback of citrus trees, widespread occurrence of chlorosis both general 
as well as interveinal, and unproductiveness of the citrus trees has been partly 
attributed to the poor nutrient status of the soil in south India by Nara- 
singharao (1948), Ramakrishnan (1954), Iyer and lyengar (1956) and Maria- 
kolandai and Dorairaj (1958). 


General symptoms of chlorosis and die-back of mandarin plants of 
seedling origin as they occur in Coorg have been described by Dikshit (1958 a) 
who has also reported on the variations in the intensity of chlorosis as influ- 
enced by root stock and season. He has also reported (1958 b) reduction 
in the intensity of chlorosis following sprays with some microclements and an 
increase in the intensity following irrigation treatments during the dry months. 
Aiyappa and Dikshit (19) have reported differences in the macroelement 
constituents of the leaves from affected trees as compared to those of the 
healthy trees. They found that the affected leaves were always lower in the 
contents of N, P, K, Ca and Mg. In the present observational study it was 
planned to find out if these plants could take up major elements N, P and K 
from thesoil under the conditions prevalent at Gonikoppal (South Coorg). 
This locality faces a somewhat heavy rainfall (1835 millimeters per year) and 
most of the precipitation occurs duripg the.rainy season that is June to 
October. It was observed earlier at this station that the intensity of chlorosis 
on the plants remains low during the months February to April. It starts 
rising from May, and there is a well marked increase during the months of 
June, July and August. Thereafter a slight decrease in the intensity is 
noticed followed again by a rise. The highest figure for intensity is reached 
during the following December and January. 


In view of the observations reported above it was thought that the heavy 

rains might be playing some part in inducing the chlorosis, either as a result 

of leaching of nutrients from the open textured soils due to rains or from the 

unhealthy condition of roots resulting from these heavy rains. In the present 
study these two aspects were kept in view. 


Ten severely affected plants, growing in the orchard, attached to the 
citrus die-back research station, Gonikoppal, Coorg, (Mysore State) were 
selected for the study. They were about 2 years old, and were raised in 
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nursery and planted in the field under comparable conditions. A basal 
dressing of 3 lbs. fertilizer mixture (1 Ib. ammonium sulphate 4-1 lb. superphos- 
phate + 1 lb. muriate of potash) along with 128 lbs. of Cattle manure were 
uniformly applied per tree. ‘Thereafter different fertilizers, as given in table 1 
were added at monthly intervals. The fertilizers were added around the 
tree in a circular area, about 8 feet in diameter, with tree in centre. The 
doses were kept rather high so that enough nutrients may be available to 


the plants even after leaching. 


TABLE | | 
Showing details of the manurial treatments given to different sets of the plants 
(Dose per plant). 












Total Total 


ment Fertilizer ot ) 
- fertilizer nutrient 










Ammonium sulphate June, July, 8 lbs. N 1:6 lbs. 
(20% N). August & 
September ^ : 
1 Ib. Pe 4 lbs. N 1-8 lbs. 






Urea 
(47 N) 
Superphosphate 5 lbs. l 35 
(16%P305 

Muriate of Potash 1 Ib. s 
(60% K320) 


Control 3 lbs. of mixture containing N, P and K, with 128 Ibs. 
of cattle manure 


20 Ibs. POs | 3°2 lbs. 





4 lbs. KgO | 2'4 lbs. 








Samples ofthe leaves of comparable age and soils were collected from ' 
the treated plants during the months July, September and October. They 
were analysed for major elements. The figures given in the tables indicate 
means of the three values thus obtained and are taken to represent the 
prevalent status of the major elements in the soils and the leaves during the 
period of observations. The figures are given in the tables 2 and 3. 


RESULTS AND DISCUSSIONS 

(1) Nitrogen: During the course of this study 1:6 lbs. of nitrogen were . 
given to two plants in four months, split in four equal parts. Although the 
usual recommended dose of N for bearing citrus trees is 1 to 2 lbs. of N for 
one year, the above heavy dose was given to assure adequate quantity of N 
in soil. The mean nitrogen content of the soils was found to be 0'216% which 
is 27% higher than that observed under control plants. It is thus seen that a 
higher level of nitrogen was successfully maintained by adding sulphate of 
. ammonia repeatedly. The soil under control.plants contained only 0'17% N 
In another set of two plants the nitrogen was applied in form of urea 

as soil application. The plants received 1:8 lbs. of nitrogen during the four 
months. 1t is seen from the figures given in table 2 that the soil under 
plants, which received nitrogen in form of urea had only 0:164% nitrogen 


f 
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which was lower than that found under the control plants. The higher level 
‘of nitrogen following application as ammonium sulphate may be because in 
this form it is known to be retained in the soil in the exchange complex for 
a limited period, a fact alio reported by Tidmore and Williamson (1932). 
The adsorbed ammonia is slowly released and utilised gradually by the plant 
roots, Comparatively less level of N under the plants which received urea 

may be because it is known to be better utilized if it is converted into 
ammonium carbonate in soil. Nitrogen is lost by leaching as organic fertilizer 
does not participate in the nutritional process through the exchange complex 
but is utilised directly by the roots. | 

| ! TABLE 2 | 
Showing macroelement content of soils following application of different fertilizers. 
(Per cent oven dry basis) 







Control N,P,K 
mixture 3 Ibs. 






P as super- 












Amm. salate phosphate ae rela 
N 0:216 0:164 0177 0-198 0:170 
P405 0:077 0:053 0:091 0:065 0:046 
K,O 0:077 0-153 09-042 0:144 0:053 
CaO 0-289 ^ 9:254 0-130 0-178 0-257 
MgO 0:266 0:182 - | 0:275 0:251 0-231 


N. B. —Fertilizers applied per plant as shown in table 1. 
TABLE 3 l 
Showing macroelement content of leaves collected from plants receiving different 
fertilizer treatments, 
(Per cent oven dry basis). 







Control N,P,K 
K as muriate | mixture @ 3 
of potash lbs.; cattle 

manure 128 lbs. 





N as Amm. 
sulphate 


ec, a PRETEEN, that ÁÁ YI B nme n0 RM — ——— QD — 


Ash 5:867 5-029 | 7-299 6:899 7-885 

N 2:720 O 2:487 O 2:399 L 2-294 L 20914 
P 0-141 0 0-085L | OL 0-1560 | 0-1003 L 
K 0-693 L 0:718 L 0:867 L 0:775 L | - 0-967 L 
Mg 0:432 O 0-459 0:542 O 0:378 O 0-495 O 


N. B. —Rate of fertilizer application per plant was as in Table 1. 
O : Optimum range as per classification by Reuther and Smith. 
L : Low rangé, the element needs to be supplied to the trees to keep the 
optimum production. ` l 
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The nitrogen content of leaves is given in table 3. The figures show 
the highest content of nitrogen in the leaves from plants which received N as 
ammonium sulphate and the value was 22% higher than that of control. * It 
is interesting to note that although the nitrogen cohtent of soil near the urea 
treated plants was lower than the controls, the N content of the leáves 
of urea treated plants was higher than the controls. This naturally indicates 
that the plants utilised N even in form of urea though not to the same extent 
as from ammonium sulphate. Loss of N from soil, when it was applied in 
form of urea is indicated from the figures of soil analysis given in table 2. 
It does appear from the figures of analysis of leaves give in table 3 that some 
N was utilized by the plants. 


The figures given in table 3 were further examined in the light of 
the standards of classification laid down by Reuther and Smith (1954). The 
standards are for citrus sinensis; but the planting material in Coorg is citrus 
reticulata. Thus the standards laid down by Reuther and Smith are applicable 
to the leaves collected in Coorg only toa limited extent. However, they are 
being discussed for comparison without basing the conclusions on them. 


According to the classification of the nutrient status of the plants based 
on the analysis of leaves it is seen that the N content of the leaves of the plants 
which received nitrogen in form of ammonium sulphate as well as urea was 
in the range of optimum, while that of leaves from control plant was lower. - 
It is thus indicated that the plants are capable of using nitrogen from soils 
even during the rainy season provided it is present in the soil, It is also 
indicated that by timing the application of fertilizers properly it is possible to 
increase the content of N in the leaves. 


The repeated doses of ammonium sulphate not only increased nitrogen 
content of the leaves but also that of P and Mg. Thus P and Mg content 
of the leaves was also in optimum range when nitrogen was applied as ammo- 
nium sulphate. Calcium and potassium content of the leaves, however, conti- 
nued to be low. Repeated doses of nitrogen in form of urea, however, induced 
optimum content in leaves regarding nitrogen and magnesium only. 


(ii) Phosphorus : In the present observational trial it was applied at the 
rate of 20 lbs. of'superphosphate per plant split into four applications. Follo- 
wing: the application: of superphosphate to the soil the P,O, content of the 
leaves was seen to-increase. But it.could not reach the optimum range. In this 
connection it is interesting to note that when ammonium sulphate was applied 
the content of N and P in the leaves rose to the optimum level although no 
special attempt was made to supply phosphates. On the other hand when, 
high dose of superphosphate was applied without additional nitrogen neither 
N nor P in the leaves was found to be in the optimum range. 


It can, therefore, be concluded that Nitrogen is the most important fac- 
tor which affects the uptake of N as well as phosphatic nutrients. Application 
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of phosphate alone failed to induce uptake of either of the two, and can hardly 
be considered useful from that point of view. 


(ili) Potassium : It was applied to the plants in the form of muriate of 
potash. Following the addition of muriate. of potash the K,O content of the 
soil was noticed to rise. Similarly an increase in the K content of the leaves 
was also observed. But the K content of the leaves never ore the optimum 
level. 


The low status of P and K in the leaves in spite of addition of the ferti- 
lizerg containing P and K may to some extent’ be due to the low level of N 
in the leaves. It was seen that when adequate N level is maintained in the 
leaves the uptake of other major elements is also improved within certain 
limits. It thus appears that the optimum level of N in the leaves is probably 
partly responsible for proper uptake of other macro-elements by plants under 
field conditions in Coorg.. | 


The present observational studies: indicate that the current method of 
fertilization of citrus trees in Coorg is probably not able to build up adequate 
level of N, P and K in leaves. Adequate quantities of P and K when applied 
without N were also not utilised by the plants to the optimum'extent. Repeated 
doses of N in form of ammonium sulphate, during rainy season, however, gave 
optimum of N, P and Mg in the leaves. In view of these observations benefi- 
cial results can be expected if the basal application of fertilizers as given under 
treatment 5, is supplemented by repeated applications ofnitrogen as ammonium 
sulphate. Further work is in progress. * 
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PHYSIOLOGICAL STUDIES ON SALT-TOLERANCE 
IN GROP PLANTS $a 
XX. INFLUENCE OF SODIUM CHLORIDE ON THE CONTENTS OF CARBOHYDRATES 
AHD NITROGEN IN SEEDLINGS OF WHEAT AND GRAM (Cicer arietinum L.) 
*S. N. BHARDwAJ! AND I. M,Rao?, 
Botany Department, Agra College, Agra. 
INTRODUCTION 
Accumulation of the neutral salts (chloride, sulphate, etc.)- in the soil 
leads to increase in the osmotic pressure of the soil solution which retards 
plant growth; thus there has been some tendency to regard the salinity injury 
to be due to the osmotic effect of the soil solution (Magistad et al 1943; 
Hayward and Spurr 1943, Magistad 1945, Hayward and Wadleigh 1949, 
Bernstein and Pearson 1954, Brown and Haud 1956 and Hayward and 
Bernstein 1958). It is, however, noted that individual components of the 
soil solutes may have, as a result of their absorption and, accumulation, some 
specific toxic effects on plants. Some plants are more sensitive to chloride 
than sulphate (Eaton 1942, Russel 1950, Bhardwaj and Rao 1955 and peer 
and Bernstein 1958). 


Physiological investigations relating to the effect of above salts on plant 
metabolism have been attempted by comparatively a few worke.s (Garner et 
al 1930, Baslavskaja 1936, Eaton 1942, Sarin and Rao 1958, Bhardwaj 1959, 
Bhardwaj and Rao 1960, etc.), and the , depressing effect has .generally been 
attributed to ion accumulation in the cells to toxic concentration leading. to 
disturbance in normal functioning of the plant. Attempt has been made, 
in the present study, to investigate the influence of a harmful Füncen anon 
of NaCl (0:695) on early seedling metabolism in wheat and gram. -It was 
intended to find out the differences between two crops and their varieties and 
to correlate the same with their relative tolerance to the salt. 


METHODS AND MATERIALS 


Two varieties of wheat (N.P. 165 and G. 591) and two of gram (N.P. 28 
and T. 87) were employed in the present experiment; wheat N. P. 165 and 
gram N.P. 28 were earlier in flowering by about ten days than the remaining 
two types. Seeds were germinated and seedlings were grown in large petri- 
dishes on moist filter paper kept at 229C in darkness. The treated set 
received 0.6% NaCl solution and the controls distilled water. | 


At 96 hours after sowing, seedlings were analysed .colorimeterically for 
reducing and non-reducing sugars, and total and protein nitrogea, adopting 
the methods suggested by Snell and Snell (1955). "The ash content was deter- 
mined following the A.O.A.C. method. 


* 1. Present address : Botany Division, Indian Agricultural Rescarch Institute, New Delhi-12. 
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For the data recorded on dry weight of the seedlings and loss in dry 
weight (0-96 hours), standard errors were calculated and are included along 
with the “means” in the text (Table 1). Analysis of variance method was adopt- 
éd for statistical interpretation of the data on chemical analysis of. the seedlings 
and the critical differences at 5 per cent probability were calculated, wherever 

` the treatments were significant. 


RESULTS AND Diction 


In order to acertain the depressing influence of sodium chloride supplied 
to the seedlings upto 96 hours, seedling dry-weight and loss in dry-weight 
were calculated and are furnished in table l. . 


TABLE 1 


Efe of 0:69, NaCl on seedling dry-weight and loss in pana ión in wheat 
and gram 


(Mean of 10 values) 











Observation 


N, P. 165 


N.P.28 | T.87 
_ Seedling dry-weight in mg. at:— 
Ó—hours 4143 384-3 14948 183-- 10 
96—hours | | 
(i) Control 35.4 3944 — | 121410 | . 161418 
(ii) 0-695 NaCl 3843 ^ | — 94-5 135410 | — 165-11 
Loss in seedling dry-weight 
(0 — 96 hours) in mg :— ; 
(i) Control 61:0 9411 | — 28462] 22448 
(ii) 0-69, NaCl 7 $40-8 4408 144-5:3 184-374 
E (iii) % on control 50 44 50 82 





It is seen that seedling dry-weight at 96 hours, compared to the control, 
was higher in the series supplied with 0:6%NaCl; although the variations in 
eS of cropsand their varieties were quite conspicuous. The two varieties 
in wheat suffered almost equally, while in gram T 87 was found to be rela- 
tively more tolerant. 


Observations on the contents of sugars (reducing and non-reducing), 
nitrogen and ash of the seedlings have been expressed as percentages on oyen- 
dry"weight as well as per seedling basis, and are presented in table 2. 
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TABLE 2: 
Effect f 0. 60, Naci on the contents of sugar, nitrogen and ash of wheat 
- and gram seedlings, 





. Wheat . | l Gram 


N. P. 165 C. 591 N. P. 28 
NaCl supplied to the seedlings 0-96 hours (94 solution) 


T. 87 





Observation 





0.0 | 0.6 | 0.0 | 0.6 | 0.0 | 0:6 | 0.0 | 0.6 
(i) On dry weight 
basis =— i : . 
Reducing sugars 8:40 4:20 | 15:20 8:90 0:59 0:16 1:75 0:55 
Non-reducing sugars | 5:40 | 4:49 | 8:55 | 3:55 | 4-78:| 6:59 | 4:52 | 4:72 
- Total Nitrogen 2:18 2:45 1°60 1°94 217 3:49 2:69 2-69 
Protein Nitrogen 1:50 | 1°43 | 1:15 | 0-91 | 2:30 | 1:98 | 2:30 | 2:37 
Ash 2-00 | 1:90 | 2:30 | 2:75 | 9:55 | 83:75 | 3°80 | 3:90 
(11) Dia seedling l l 
basis (ín mg.) 
Reducing sugars 2-94 | 1:60 | 4°41 | 3:03 | 70-71 | 0:22 | 2:82 | 0-91 
Non-reducing sugars, 2:04 | 3:28 | 1:08 | 1:21 | 5:78 | 8:90 | 7:28 | 7:79 
Total Nitrogen 0:76 | 0:93.| 0-46 | 0:66 | 3:85 | 471 | 4:83 | 444. 
Protein nitrogen 0:53 | 0:54 | 0:33 | 0-31 | 2:78 | 2:67 | 3:70 | 3-91 
Ash 0-70 | 0:72 | 0:67 | 0-94 | 480 | 5:06 | 6:12 | 6:44 





. Critical difference at 5% probability 
Wheat Gram 





Observation/Due to 


. Salt | Variety ¡Interaction| Salt 





Variety [Interaction 


(i) On dry weight basis | i 
Reducing sugars 2:32 2:32 N.S. 0-42 0:42 N.S. 


Non-reducing sugars N.S. 1-81 2:52 0:73 - 0°73 1-04 
Total Nitrogen 0:24 0:24 N.S. N.S. 0-24 0:34 
Protein Nitrogen — 0-08 N.S. | 01 0:17 N.S. 0:24. 
Ash N.S. N.S. N.S. | NS. N.S. N.S. 
A AN E : 
Reducing sugars 1:39 1-39 N.S. 0-52 0-52 N.S. 
Non-reducing sugars 0-42 0-42 0-60 |? N.S. 0:47 |: N.S. 
Total Nitrogen ` N.S. N.S. N.S. | NS. NS. | - NS. 
= Protein Nitrogen 0-07 NS. | O0 0-21 NS. | NS. 
Ash | NS. 0:20 | NS. N.S. 0-38 N.S. 


~ N. S. ; Statistically non-significant - 
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From the above, it seen that in the two crops, as a result of the salt 
treatmerit, there was an apparent increase in non-reducing sugars and a dec- 
rease in protein-nitrogen and reducing sugars. Varietal differences were also 
apparent, especially in respect of ash content and non-reducing sugars. 

Effect of chloride on plant metabolism has been investigated by a few 
workers. Garner et al (1930) reported a pronounced dissipation of malic acid 


as a result of chloride accumulation in tobacco leaves; amylolytic activity 


was disturbed and the leaves became gorged with starch. Baslavskaja (1936) 
observed that accumulation of chloride ion (in potato leaves) interferes with 
photosynthetic mechanism, t.e., causes a reduction in chlorophyll contents; and 


consequently a reduction in total carbohydrate contents there was a definite 


increase in starch/sugar ratio. Gauch and Eaton (1942) also noted in barley 
shoots that the concentration of sucrose fraction was markedly affected by salt 
treatment; chloride content was i higher in id plants than 
the ‘control’ plants. i 
Earlier studies by the authors (Bhardwaj and Rao 1960 and Bhardwaj 
1961) also reveal that supply of. chloride (as NaCl) to wheat and gram seed: 
lings upto four days in toxic concentration of 0°6 per cent resulted in lower- 


ing of respiration rate and hydration percentage and consequently in 


depression of the carly growth of roots and of shoot. In the present study, 
the influence of the salt (chloride) on fractions of carbohydrates and nitro- 


gen and ash contents of the seedlings in wheat and gram is quite apparent: 


~ 


Thus it can be inferred that chloride results in an initial decrease of water 
absorption by the roots and also, on accumulation (as indirectly indicated by | 
higher ash content of the salt-fed seedlings), it interferes. with respiration, 
protein-synthesis and carbohydrate metabolism. Support to the above assump- 
tion is sought from tbe data furnished in table 3 below as well as from the 
iE pones elsewhere; E E : 
TABLE ‘3 P dE 
Effect of NaCl (0.69, solution) on early seedling metabolism i in wheat and gram- 
(Expressed as percentage on control, i.e., distilled water supply) 





Rx » a | 
Respi- | Hydra- | Loss in Reduc- | 
Crop and variety ‘| *Root | ration | tion dry- Ash ing | Protein 
growth | rate percen- | weight | content | sugars |nitrogen 
(Q2) | tage 
Wheat N. P. 165 53 Bi 86 50 95 50 | 95 
Wheat C. 591 o 58 71 93 44 | 120 59 | 79 
Average ; 56 76 | 90 47 | 108 55 | 87 
Gram N. P. 28 ^ «55 84 97 | .50 | 112 27 | 86. 
Gram T. 87 | 50 67 89 82 103 32 | 103 
"Average | 53 76 93 66 108 29 | 95 


* Data reported by Bhardwaj (1961). 
** Data reported by PERDU and Rao (1960). 
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The conspicuous reduction in reducing sugars in the treated seedlings 
as also, to a.lesser extent in protein-nitrogen, are perhaps related to the ad- 
verse effect of the salt on growth. Decrease in reducing sugar is more evident 
in gram compared to wheat; thus reducing sugars at-the seedlings stage can 
give a fair indication regarding the depressing effect of the salt. 


SUMMARY 


Influence of sodium chloride.at 0:69/, concentration on fractions of carbo- 
hydrates and nitrogen and ash content of four days old seedlings of two varie- 
ties of wheat (N.P. 165 and C. 591) aud two of gram (N.P. 28 and T. 87) 
was estimated. The results indicate that supplying NaCl leads to an increase 
in non-reducing sugars and a decrease in reducing sugars; differences in 


respect of the above were apparent in the two crops as well as in between the 
varieties. 


The authors are gratenal to Professor S. Sinha, Head ofthe Botany De- 


partment for the facilities and the keen interest shown during the progress of 
work, 
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THE PREPARATION OF ORGANO-MERCURY COMPOUNDS 
- AS-MILDEW-.AND ROT PROOFING AGENTS*. 


Visawa Nara NiGAM ^ 
The Chemical Laboratories, D. A. V. College, Kanpur. 


One of the most serious problem iba has' been faced by the Military - 


persons and by the Textile Industry from time immemorial has been that of 
Rot and Mildew. ‘The textile materials are attacked by Micro-organisms all 
through the various stages of manufacture from raw material to finished goods 
and there are further loss suffered by distributors as well as by users and when 


the goods are in use. Perhaps the heaviest’ losses sustained by the Industry 3 
have occured iñ materials for export in grey state, as several months may elápse | 
betwéen the time the material leaves the Mill and the timé it arrive at its 


destination. 


World wide political conditions and threat of hostility made the rot and . 
mildew attack on cellulosic materials a matter of serious. strategic importance . 


for our defence especially in North Eastern Frontier area and Assam. Itis- 


obviously to be expected that in these area equipment with a predictable service | 
life of months or years, when used in’ eo climate “becomes inoperable 


in a matter of few weeks. | n à 


India is a tropical country vand textile materials form an important 
item of industry required both for civil and military uses. India’s Textile 
Industry is also.the back bone of industrial activities, earning much foreign 
exchange which is very vital for India's economy. Therefore, improvements 
and development . of. newer preservatives which will prevent the Rot and 
Mildew deterioration of textile materials under the conditions’ prevailing i in 


this country and enhance the life of cotton and cellulosic materials both in use. 


Bud storage is of higher significance for India’s economy and M needs.. 


Dyes belonging to different groups are used as fungicide and bactericide. 


Quite prominent among these are some azodyes as Scarlet Red, Dimazon, 


Pyridium, Chloroazodin, Prontosil, Rubiazol and Azo-sulfamide. . 


Mercury also possesses intrinsic fungicidal and bactericidal —| 


The introduction of mercury in various aromatic nucleus has been sound to : 


greatly augment these properties. 


Although the organo-mercury , oo are strong fangicide end 
bactericide but their use in textile industry is not possible dué to the insolu- 
bility of these compounds in water and various organic solvents. On the 


LM cum Of the thesis submitted to the Agra University | the * Degree, of Doctor of | 


Philosophy, 
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other hand soluble compounds suffer from the lack of affinity for the fabric. 
Thus it is difficult to obtain a uniform application of sufficient strength of 
organo-mercury compounds of the table; 


The organo-mercury compounds of outstanding merit like phenylmer- 
cury acetate, phenyl mercury salicylate, phenyl mercury stearate, phenyl mercury 
oleate, pyridyl mercury acetate, pyridyl mercury stearate etc., requires a carrier 
or Vehicle such as waxes, resins, various textile finishing materials etc. The 
compounds are dissolved in them and are fixed on the fabric by some con- 
venient methods. But these extra carriers change the physical properties of the 
fabric in such a way as is usually undesirable and a serious drawback. 


In 1944 M. Fits Gibbon proofed the vegetable fibre against bacterial and 


a 7. fangicidal attack by intimately incorporating in them water soluble mercurised 


aromatic compounds. The mercury compounds may be incerporated by 
immersing the material in a solution of the compound, in an organic solvent e.g., 
a solution of phenyl-murcuric chloride in cresote oil may be used, Preferably 
a water insoluble halide is formed in sites by immersing the treated material in 
a solution containing halogen ions e.g., the fabric may be immersed in aqueous 
solution of phenylmercuric acetate or tolyl mercuric acetate and then trans- 
ferred to a solution of common salt. 


In the same year Dr. F. J. Sowa in U.S.A. had prepared various groups 
of complexes of organomercury compound covered bya patent application. ` 
The process is known as irum 


Puratized N5-x, N5D and N5 are acti designed to be applied in water - 
type of emulsion. The chemicals are precipitated in fibre when the treated 
material is dried at the customary temperature. Puratized L. N. may be 
applied by the way of hydrocarbon solvents, or it may be emulsified or added 
to waxes or resins just prior to their emulsification in water. Puratized P. C. 
is a formulation which may be applied separately in two table application. 


In 1949 P. P. Hopf and E. Race prepared certain acid although not 
substantive to cellulose or protein fibres possess the property of becoming 
firmly attacked to the fibre when taken upon fibre from the aqueous solution 
and subsequently dried. "Thereafter the salts are reasonably fast to leaching 
at neutral and acid pH values and most completely fast at alkaline pH. These © 
acids have been termed “Fixtan acids". "They contain atleast two sulphonated 
aromatic rings joined by an aliphatic bridge. An example of such Fixtan acid 
is 2-2'-dinaphthyl methane 3-3'-sulphonic acid. These materials which have 
found some use in U.S.A. particularly in rendering military fabric rot and 
mildew proof, 


- However the above brief survey would indicate that there is still great 


| demand for an ideal material, which is easy to make and economical to apply 
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uniformly upto ‘the desired concentration and.to impart positive and lasting 
bacterio-static - and fungistatic properties to the material suited to all the 
climátic conditions of the world. Instead of these requirements they must also 
fulfil the following desired properties. The treatment should not impart toxic ` 
or irritating properties to the fabric, and should be compatible with alkali 
soluble cellulose finishes, starch finishes sizing water proofing, moth proofing 
and fire proofing. It should impart no objectionable odour, should not effect 
the physical properties of the fabric, should not be volatile or water soluble 
and should not increase the inflamability of the goods. 


EXPERIMENTAL 


We have developed the process for the preparation of the following 
mercurated compounds: 
1. p-Chloromercuri phenol. 
2. 2-Chloromercuri p-cresol. 
3. Mono-mercurated-x-naphthol. 


The above mentioned compounds and the o-chloro mecuriphenol were 
. coupled with different diazotized bases. The mercurated dyes so prepared are 
given on page No. 461-462, Besides these their corresponding unmercurated 
compounds for test were also prepared. The list of the same is given on page 
No. 463-464. These compounds were applied on the Poplin No. 090007 of 
Delhi Cloth Mills as per method given on page No. 227-228. | 


. The dyed fabric were then tested for dye fastness (Light, washing and 
rubbing) and resistance to Mildew and Rot. 


I. Dye fastness: 


1, The fastness to light was tested in Atlas Fadeometer as per details 
given on page No, 254. 

2. The fastness to washing was tested as per nd wash wheel test 
No, 2 and wash wheel test No. 4 as per PEN given on page 
No. 255. 

3. 'The fastness to rubbing was tested as per method given on 
page No. 257. 


[I. Resistance to mildew and rot cele was determined by Pure Culture 
Test and Soil Burial Test. 


1. Pure Culture Test was performed as per method given on page 
No, 296-300. 
2. Soil Burial test was performed as per method given on page No. 385, 


The interesting results of o-Chloromercuriphenol gave encouragement 
towards the preparation of its colourless derivatives for universal application 
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as fungicide and bactericide. To achieve this object various imides (Succini- 
, mide,-4-phenyl succinimide, phthalimide, 3-Nitro phthalimide and 4-nitro- 
phthalimide) , were prepared. The mercurated derivatives of the above 
- . mentioned imides were prepared by reacting them with mercuric acetate as 
well as by condensing them with o-chloromercuri phenol. The list of the 
compound so obtained is given on Page No. 464. 


E 


‘These compounds are under test for resistance to Mildew and Rot. . 
CONCLUSION 


For the search of suitable materials which would function as mildew and 
rót proofing agents for protecting textile material from their attack a number of 
suitable azo dyes have been prepared and described in this thesis. From a 
study of their dyeing properties and an examination of their rot proofing and 
fungicidal properties the following observations have been noted. | 

(a) The introduction of the mercury in azo dye had given a new field 
of work. It is evident from the table No. VI „that dye fastness (Light, 
washing and rubbing) had much improved than their corresponding unmer- 
curated ones except in (i) 2-Methoxy-5-nitro-2'-hydroxy-3'-chloromercuri- 
3'-methyl azobenzene, (ii) 2-Nitro-2'-hydroxy-3'-chloromercuri-5'-methyl 
“azobenzene, (iii) Sodium-2-hydroxymercuri- 4- (2'-nitro-4'-methoxy-benzeneazo) 
-a-naphthol, (iv) Sodium-2-hydroxy mercuri-4- (2'-nitro-benzeneazo)-a-Naph- 
thol and (v) 2-chloromercuri-4-(4'-nitro-benzeneazo) -a-naphthol. 


(b) Mercury has not only increased the dye fastness but has . also 
improved their shade. The dyes are bright deep as well as attractive then 
their corresponding unmercurated compounds. The comparative account of 
the shade and dye fastness is shown in folder containing the controls and 
tested pieces attached in the thesis from page No. 266 to 295. 


(c) The importance of these compounds is further enhanced as they 
can also function as mildew and rot proofing agents for -protection of textile 
materials. The degree of their effectiveness is well illustrated in Graph Nos. 
l] and 12 and table Nos. 88-95. It is clear from the above data that the 
introduction of mercury in azo dye helps to impart mildew and rot proofness 
to the textile treating fabric, 


No doubt the azo dyes which are here described are not very fast to 
washing but they could be used where the degree of fastness to washing re- 
quired is upto the order of wash wheel test No. 2, i.e., Canvas, Cordages, tape 
newar, linings, packing materials etc. 


The order of their effectiveness of all these mercurated dyes as mildew 
and rot Proofing agents 1s given on page.. 


- 
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. >’ MIXED CULTURE 


Series No. L 


2- Methyl-3^-chloromer tea iaa eros 
3'-chloromercuri-4'-hydroxy-azobenzene . >  4-Nitro-3'-chloromercuri-4'-hy- 
droxy-azobenzene > 4-Methyl-3’-chloromercuri-4’-hydroxy-azobenzene > 
2-Nitro-4- methoxy- 3'-chloromercuri- 4'-hydroxy-azobenzene > 2-Methoxy- 
4-Nitro-3'-chloromercuri-4'-hydroxy-azobenzene and . 2-chloromercuri-4- 
(2’-methoxy-4-nitro benzeneazo)-6-(2" -methoxy-4' -nitro-benzeneazo)-phenol > 
2-Nitro-3'-chloromercuri-4'-hydroxy azobenzene> 3-Nitro-3'-chloromercuri-4'- 
hydroxy-azobenzene > and the following compounds are not at all effective, 


(1). 2-Methoxy-5-chloro-3'-chloromercuri-4' -hydroxy azobenzene and 
(ii) 2-Methyl-4-chloro-3 *chloromercuri-4’-hydroxy azobenzene. 


Series No. II. 


2-Methoxy-5-nitro- 2’-hydroxy- 5’-chloromercuri-azobenzene > 4-Nitro- 
2'-hydroxy-5'-chloromercuri azobenzene >  2-Nitro-4-methoxy-2'-hydroxy- 
5'-chloromercuri azobenzene>2-Methy]-2'-hydroxy-5’-chloromercuri ^ azo- 
benzene>and the following compounds are not at all effective, 


(1) 2-Methoxy-4-Nitro-2'-hydroxy-5'-chloromercuri azobenzene, (ii) 2-Ni- 
tro-2'-hydroxy-5'-chloromercuri azobenzene (iii) 3-Nitro-2'-hydroxy-5'-chloro- 
mercuri-azobenzene (iv) 4-Methyl-2’-hydroxy-5’-chloromercuri-azobenzene 
(v) 2-Methoxy-5-chloro-2'-hydroxy-5'-chloromercuri-azobenzene (vi) 2-Methyl 
o ron seblorO T FOU HIA ODER Zee. 


Series No. HI. 


2-Methoxy- los A > 
4-Nitro-2'-hydroxy-3'-chloromercuri-5 ‘-methyl azobenzene > 2- -Methyl-4-chlo- 
ro-2'-hydroxy-3'-chloromercuri-5'-methyl-azobenzene- 2-Methyl-2'-hydroxy-3'- 
chloromercuri- 5'-methyl- azobenzene> and the following compounds are near 
about similar in their effectiveness. 


(i) 2-Methoxy- 5'-nitro-2'- hydroxy-3'- chloromercuri-5'- methyl-azoben- 
zene (ii) 2-Nitro-4-methoxy-2' -hydroxy-3'chloromercuri-5'-methyl-azobenzene 
(iii) 2-Nitro-2'-hydroxy-3'-chloromercuri -5'-methyl-azobenzene (iv) 3-Nitro-2'- 
hydroxy-3'-chloromercuri-5'-methyl-azobenzene (v) 3-Methyl-2'-hydroxy-3'- 
chloromercury-5'-methyl-azobenzene (vi) 2- -Methoxy-2-chloro-2'-hydroxy-3'- 
chloromercuri-5'-methyl azobenzene. 


Series No. IV. 


2-Chloromercuri-4-(4'-nitro-benzeneazo)-a-naphthol> Sodium-2-hydroxy- 
mercuri-4(3’-nitro-benzeneazo)-a-naphthol > Sodium-3-hydroxymercuri-4-(2'- 
-methyl benzeneazo)-a-naphthol > Sodium2-hydroxymercüri-4- (2'-methoxy-4'- 
. hitro-benzeneazo) ge > Sodium,2- hydroxymercuri-4- (2'-nitro-bep- 
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' zeneazo)- a -naphthol  Sodium-2-hydroxymercuri-4-(2/-methoxy-5'-chloro-ben- 


zeneazo)- a -naphthol > Sodium-2-hydroxymercuri-4-(2'-methyl-4'-chloro-ben- 
zentazo)- a -naphthol > Sodium-2-hydroxymercuri-4-(2' -methoxy-5'-nitro -ben- 
 zeneazo)- a -naphthol > Sodium-2-hydroxymercuri-4-(2'-methoxy-4'-nitro-ben- 
zeneazo)- a -naphthol. 


Sor, BURIAL 
ie No. I 


4-Methyl- -3'- E d -hydroxy-azobenzene> 2- Methoxy-4-Nitro- -3'- 
chloromercuri-4'-hydroxy azobenzene and 2-chloromercuri-4-(2'-methoxy-4'-nit- 
robenzeneazo)-6-(2''-methoxy-4"' -nitro-benzeneazo) phenol > 2-Methyl-3'-chlo- 
romercuri-4’-hydroxy azobenzene > 2-Methoxy-5- nitro-3'- chloromercuri-4”- 
hydroxy azobenzene > -2-Nitro-4-methoxy-3'-chloromercuri-4'-hydroxy-azoben- 
zene > 2-Methoxy-5-chloro-3’-chloromercuri-4’-hydroxy-azobenzene> 2-Nitro- 


-3 -chloromercuri-4'-hydroxy-azobenzene . > 3-Nitro-3'-chloromercuri-4'-hydro- - 


xy-azobenzene > and the following compounds are not at all effective. . (i) 
4-Nitro- 3'-chloromercuri-4'-hydroxy- azobenzene and 2-Methyl- 4-chloro-3'-chlo- 
romercuri-4'-hydroxy RE 


Series No. I. 


2-Methoxy-4-Nitro-2' -hydroxy- im acobenzede > 4-Nitro-2'- 
hydroxy-5'-chloromercuri-azobenzene > 2-Nitro-4-methoxy- 2'-hydroxy-5'-chlo- 
romercuri-azobenzene > 4-Methyl-2’- -hydroxy-5'-chloromercuri-azobenzene > 
2-Methyl-2'-hydroxy-5'-chloromercuri-azobenzene > 2-Nitro-2’-hydroxy-5'- 
chloromercuri-azobenzene > 3-Nitro-2'-hydroxy-5-chloromercuri-azobenzene > 
-2-Methoxy-5-Nitro-2' -hydroxy-5'-chloromercuri-azobenzene and the following 
compounds are not at all effective. (i) 2-Methoxy-5-chloro-2'-hydroxy-5'-chlo- 
romercuri-azobenzene and 2- x O a 


benzene. 


Series No. TI. 

4-Nitro-2'-hydroxy- asian azobenzene>2-Methoxy-4- 
Nitro-2'-hydroxy-3'-chloromercuri-5'-methyl-azobenzene>4-Methyl-2'-hydroxy- 
3'-chloromercury-5'-methyl-azobenzene >` 2-Nitro-4-Methoxy-2'-hydroxy-3'- 
chloromercuri-5-methyl azobenzene >> 2-Methyl-4-chloro-2'-hydroxy-3'«chloro- 
mercuri-5'-methyl-azobenzene > 3-Nitro-2'-hydroxy-3'-chloromercuri-5'-methyl- 
-azobenzene > 2-Methoxy-5-nitro-2’-hydroxy-3’-chloromercuri-5’-methyl azo- 
benzene > 2-Nitro-2'-hydroxy-3*-chloromercuri-3”-methyl azobanzene. The 
following compounds are not at all effective. (i) 2-Methyl-2'-hydroxy-3'-chlo- 
romercuri-5'-methyl azobenzene and (ii) 2-Methoxy-5-chloro-2'-hydroxy-3'- 
chloromercuri-5'-methyl azobenzene. 


Series No. IV. 
Sodium-2-Hydroxymercuri-4. (2"-nitro-benzeneazo) -naphthol > Sodium: 
2-hydroxymercuri-4- SEED SMS benzeneazo)- a -naphthol >. Sodium- 


~ 


_ — —— o a 
a 
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2-hydroxymercuri-4-(3'-nitro-benzeneazo) -a- naphthol > Sodium-2-hydroxy- 
mercuri-4- (2'-methoxy-4'-nitro-benzeneazo -a- naphthol > Sodium-2-hydroxy- 
mercuri-4-(2'-Nitro-4'-methoxy-benzeneazo)-naphthol > 2-chloromercuri-4-(4'- 
nitro benzeneazo) -a- naphthol and the following compounds are not at all 
effective Sodium-2-hydroxymercuri -4- (2'-methyl-benzeneazo) «-naphthol (ii) 
Sodium-2-hydroxymercuri-4-(4'-methyl-benzeneazo) « naphthol (iii) Sodium- 
2-hydroxymercuri-4-(2'-methoxy-5'-chloro benzeneazo)-a-naphthol (iv) Sodium- 
2-hydroxymercuri-4-(2'-methyl-4'-chloro-benzeneazo)-a-naphthol. 


The most important thing is that we have discovered and developed a new 
process for the application of mercury in the form of organomercury compounds (azo dyes) 
in textile materials. The new process ts easy and economical to apply uniformly upto the 
desired concentration. The process requires no binding agent thus the physical properties 
of the material remains unaltered. These developed mercury compounds are also 
nonvolatile, odourless and do not increase the inflamability of the goods. 


It appears that these mercurated compounds should not impart toxic or 
irritating properties to the fabric as the mercury is in the organomercury form 
(no actual test has been carried out to evaluate this properties). These com- 
pounds should be compatible with alkali soluble cellulose finishes, starch fini- 
shing and sizing, water proofing. (No actual test has been performed to assess 
the above mentioned properties). : 


We have also developed the method for the preparation of p-chloromer- 
curi phenol, 2-chloromercuri p-cresol and monomercurated-a-naphthol. 


Mercurated derivatives of imides were also prepared and their fungicidal 


and bactericidal properties are under test. 


THE BEHAVIOUR OF PARAMAGNETIC IONS IN SINGLE 
CRYSTALS OF SOME SALTS OF RARE EARTH AND 
-. IRON GROUP OF ELEMENTS* ` 


SATIS CHANDRA Matuurt | 
Agra College, Agra. 


INTRODUCTION 


| The behaviour .of paramagnetic ions in crystals is strikingly different 
from free ion behaviour. In crystals the paramagnetic ion is surrounded by 
diamagnetic ions regularly arranged about it. "These diamagnetic neighbours 
produce an electric potential of a symmetry depending upon the distribution 
of charges. This crystalline electric potential removes partially the .dege- 
.neracy of the ground state. Study of this type of Stark pattern should there- 
fore give us information about the nature of the crystalline forces. These 
investigations can be done by either of the following methods : 
l (1) Optical absorption measurements. 
(2) Paramagnetic resonance absorption measurements. 
(3) Magnetic susceptibility measurements. ` | 


Paramagnetic resonance techniques can give us information only about 
energy levels for which the energy separation is of the order of 0:1 cm”, 
while optical absorption can provide information for energy seperation both, 
low and high. -The splitting of the lowest energy levels is often related to the 
nature and spacing of the excited states and hence all the techniques (optical 
absorption, paramagnetic resonance absorption and magnetic susceptibility 
measurements) may yield interrelated results. Consequently studies on mag- 
netic susceptibilities are eminently suitable for getting information about the 
energy levels of the ions in crystals and that alternatively the ions may be 
regarded as probes measuring the crystalline electric field and have therefore 
engaged the attention of a large number of investigators. i 


As is well known in the iron group of metal ions, M++ and Mt+, all 
the inner levels are already full. The 3d shell of the ions, which are getting 
progressively filled up are the outer most ones, since those occupying the 
4s shell in the free atom have been removed in the formation of the ion in the 
crystal. Hence in the:case of iron group the d-electrons are exposed directly 
tothe effect of electric field which is in general strong and - asymmetrical. 
Effect of these asymmetrical fields is to remove the orbital degeneracy. But 
due to spin orbit coupling the quenching of orbitals is only partial. The 


* Summary of the thesis submitted to the Agra University for the degree of Doctor 
of Philosophy in 1961. . 
~ T Present address : Delhi Polytechnic, Delhi. 
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problem of Stark splitting of the energy levels of ions under the influence of 
crystalline electric fields of different symmetry has been worked out by Bethe! 
Van Vleck? Penney and Schlapp.? The number of Stark levels and their 
relative seperations will depend on the strength and symmetry of the crystal 
field. l ^C 


From the point of view of the influence of the electric fields on the 
energy levels of the ions, the environmental condition in the neighbourhood 
of these ions can be broadly divided into three classes. 


(a) Conditions typified by those occuring in the salts of iron group of 
elements. In this case 3d-electrons' are the outer most and hence 
the electric field effect will be much pronounced. As a matter of 

, fact the field is strong enough to break L-S coupling, so that L and 
S must be seperately. quantised. 


(b) Conditions typified by the rare-earth ions in which the influence 

- — ofthe fields on the energy levels is greatly reduced by the shielding 
action of the outer shells of electrons, so in thestudy of the electro- 
nic structure of these ions we may treat each (L-S) multiplet sepera- - 
tely and consider the splitting of the multiplets due to the crystal 
field. In this case J remains a good quantum’ number and spin 
orbit coupling gains more importance than in previous case. 


(c) Conditions as typical of the covalent complexes. Here the electric 
fields involved are very strong and their effects on the energy levels 
are very drastic. 


- 


.mt 


The theoretical iia to be employed in the investigation of energy 
levels of these ions will therefore be different for different environmental condi- 
tions. A brief outline of the theoretical techniques has been discussed in the 
theoretical part of the thesis (Mathur, S. C. Ph. D. thesis 1961, Agra Univers- 


ity) under the heading “Influence of Crystalline Electric field on paramag- 
netic susceptibilities”. 


Studies on magne-crystallic action in ions of iron group and rare-earth 
group of metals have been carried out by many investigators. Guha* reported 
the temperature variation of anisotropies and principal susceptibilities of a 
number of iron group salts. Of these salts cupric acetate monohydrate received. 
much attention because it exhibited an anomalous behaviour. Crystals of cupric 
acetate monohydrate were thoroughly investigated by paramagnetic resonance 
method by Bleaney and Bowers" and Abe and Shimada? while Foex et. al.’ 
and Figgis and Martin? studied the variation of mean magnetic susceptibility 
of cupric acétáte monohydrate with temperature from measurements on - 
crystal powders. Niekerk and Schoening? did an investigation of the crystal by 
' X-ray analysis. Though all the magnetic measurements agree at high tempera- . 
tures, show much discrepancy at lower temperatures. X-ray data for cupric 
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formate tetrahydrate pointed to the probability of some abnormal behaviour 
of the crystal. Further, X-ray and paramagnetic resonance data was avail- 
able for acetates of Nitt, Cott and Mnt+. Therefore we undertook a detailed 
Investigation of paramagnetism of the crystals of cupric acetate monohy- 
drate and tetrahydrated cupric formate, Nickel acetate, Cobalt acetate and 
mangenous acetate. i 


Vinokurov!? reported the use of magnetic susceptibilities for the purpose 
of chemical analysis of Siderite, a naturally occuring crystal of Fett ion - 
(FeCO,). X-ray data of the mineral by Wyckoff!! indicated the existence of 
a trigonal crystal field acting on Fett ion in siderite. We have therefore 
included it also in our programme. 


Illiot and Stevens!? have theoretically worked out: the susceptibilities of 
cerium ethyl sulphate taking the crystal field to be of trigonal symmetry. They 
have extended their theory (utilising a trigonal field) for other rare earth ethyl 
sulphates also. Therefore if one studies cerium sulphate a comparison of re- 
sults with those for ethyl sulphaté might throw some light on the nature of 
crystal field. This is the advantage of including cerium sulphate octahydrate 
crystals in our project. | 


EXPERIMENTAL 


Experimental investigations have been carried, out by usual methods. 
For magnetic anisotropies of crystals in various planes the well known method 
of Krishnan and Banerji!® has been used, while a new magnetic microbalance 
developed by Neogy and Lal! was made available for principal susceptibility 
measurements. Measurements down to liquid oxygen temperature were carried 
out using a crystat as devised by Bose,1 Eus temperatures were produced by 
a cylindrical electric heater. 


Discussions 


Detailed experimental data will be published else where, Here we 
proceed to outline briefly the interesting findings: 


(1) In case of cupric formate tetrahydrate the anisotropy, in 10^? of 
C. G.S. units, in (001) plane is only 37:2 while in planes normal to a and b 
axes the value of anisotropy in same units are 348:3 and 400°7 respectively. 
Thus we find that c- plane is a symmetrical plane. This finding of ours is in 
very good agreement with X-ray analysis findings. 


(2) The mean moment values of Cut ion in cupric acetate monohy- 
' drate and cupric formate tetrahydrate are anomalously low. At 300° K. square 
of the mean Bohr magneton number for the cupric acetate monohydrate is 2:017 
and for cupric formate tetrahydrate it is 2:660, while the corresponding value 
in Tutton salts is 3:69, X 
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(8) The variation of susceptibilities and anisotropies of cupric acetate - 
monohydrate with temperature show maxima atabout 271°K. This peak 
corresponds to exchange integral J=—299 cm! Our value of J. is in very 
good agreement with those given by Bleaney and Bowers,* and Mookherji and 
Chhonkar!5 J value for cupric formate tetrahydrate comes out to be— 79 cm”?, 


(4) In cupric acetate monohydrate there is isotropic exchange 
interaction, while the exchange interaction in cupric formate tetrahydrate is 
anisotropic being zero normal to c plane. In the cupric acetate there is direct 
Cu—Cu interaction while in the cupric formate there is interaction of super- 
exchange type through delocalised-z-election cloud. 


(5) The variation of anisotropy and principal susceptibilities in case 
of tetrahydrated Nickel and Cobalt acetate is normal í.e., simlar to Tutton 
salts. In both cases the octahedron representing the paramagnetic unit 
is a compressed one. For nickel acetate tetrahydrate the tetragonal seperation 
of upper levels (designated C, and C, in the energy level scheme for Nit+ in 
tetragonal field) has been calculated to be 1138 cm"! which is very good | 
agreement with experimental value of 1310 (Mookherji and Chhonkar," . 
and is of the same order as for other Tutton salts. l 


(6) . The symmetry of the crystal field in case of Nickel acetate tetrahy- 
drate has been found to be approximately tetragonal. Comparing the X-ray 
analysis of Cobalt acetate tetrahydrate with that of the corresponding salt of 
Nit* we have asigned a tetragonal amy to crystal field acting on Cot+ 
ion in the salt. 


(7) From a study of variation of principal moments with peri 
it has been shown that at least in Cobalt acetate tetr ahydrate the crystal field 
is stronger than spin orbit coupling. 


(8) For the ‘variation of -anisotropy. of Mnt+ ion in mangenous 
acetate tetrahydrate the T? law is obeyed.’ The values of cubic field 
‘coefficients (D) for Mn++ ion as calculated from susceptibility data deviates 
much from the values obtained by paramagnetic resonance data. 


$ 


(9) The anisotropy of Fet+ ion in siderite is much more than in Tutton 
salts. Value of A K/K in siderite is 47% while in Tutton salts it is only 36%. 
This fact in conjuaction with X-ray findings has shown that the symmetry of 
cosa! field i in siderite is trigonal. 


3 


=: (10) We have failed to find any definite order of variation of magnetic 
susceptibilitics and anisotropies with percentage of ferrous carbonate present in : 
the crystals., We have therefore not beén able to understand the proposed use . 
of magnetic susceptibilities for the purpose of chemical analysis as suggested’ by 
. Vinokuroy,*0 
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(11) Measurements with cerium ethyl sulphate octahydrate show that 
the crystals have an anisotropy of the order of Pr,(SO,),..8H,O and is much 
different from Cerium ammonium sulphate tetrahydrate. Susceptibility value 
of cerium sulphate octahydrate is of the same order as for cerium-magnesium' 
nitrate with 24 water molecules and is much higher , than the corresponding 
value for Ce(NH,) (SO,). 4H,O. 
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SERUM AGAR DOUBLE DIFFUSION STUDIES ON STREPTOCOCCUS 
AGALACTIAE TOGETHER WITH AN ATTEMPT TO SERO-TYPE 


STRAINS BY INDIRECT BACTERIAL HAEMAGGLUTINATION - 
HAEMOLYSIS AND CORRESPONDING INHIBITION TESTS* 


B. D. BHAMBANIf 


Sero-typing of group-B streptococci by conventional serological methods 
presents certain difficulties. An attempt has been made in the work presented 
to sero-type- group-B streptococci of bovine mastitis origin by employing 
Ouchterlony gel-diffusion, haemagglutination, haemolysis and respective inhi- 
bition tests. © - j . 


Preliminary studies on gel-diffusion revealed that. the temperature -of 
incubation f.e., 20°C and the distance of 10 mm. between the reactant wells 
have marked influence in the early appearance of precipitin lines in plates. 
A slide test was- developed for typing of Streptococcus agalactiae which proved 
superior in sensitivity, resolving power. Besides the test could be performed 

with very little.quantity of reactants and the results could be read in a much 
shorter time. 


Two types of antigens viz., (1) autoclave extracts and (2) acid extracts 
were employed in carrying out the antigenic analysis of fifteen different strains. 
The results of the test showed the antigenic complexity of these strains which 
contained both group specific and type specific components. In some strains, 
the presence of atleast seven type specific components in addition to two 
group specific components were revealed. 


It was possible to classify Str. agalactiae strains by employing the Ouch- 
terlony technique. Of the 15 strains of streptococci thus examined, 8 strains 
fell under Lancefield type II, 4 conformed to type. III and 2 to type la. One 
type Ib strain obtained from Lancefield showed only group specificity. in 
common with the rest of the 14 strains. As no antiserum against this strain 
was prepared, its exact type specificity could not be determined. 


This limited study has indicated that in India also there is a likelihood 
of a higher incidence of Lancefield type II strains to 77-796. Streptococci 
of Lancefield type III have also been recorded in this country. 


From the scrutiny of the appearance of bands from a mixed precipitin 
system, it was observed that the time factor had an important role. First of 





* This paper is abstracted from the thesis presented by the author to the post-graduate. 
college of Animal Sciences, 1.V.R.I., Mukteswar-Kumaon, U.P. to the University of - 
Agra in partial fulfilment of the requirements for the degree of Master of Science. . 

+ Present Address : B. D. Bhambani, M. V. Sc., Research Officer (Virology & Bact.) 

U. P. College of Veterinary Science & Animal Husbandry, Mathura. 
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all a group specific and a type specific band made their appearance within 
36 hours. With incubation for a further period of 12 hours, another group 
specific band developed later with prolonged incubation the type specific band 
gave a diffused appearance possibly due to super-imposition of various type 
specific components which separated off and showed themselves as discrete 
bands with still further ageing. The elution of different components was 
much better atleast quantitatively with acid extracts than that in the case of 
autoclaved extracts in which the lines were very thin, though clear and sharp. 


Live cell suspension in buffered saline left in the refrigerator for 2 days and 

1 month when tested showed the presence of only one group-specific component. | 
This could perhaps be explained by the fact that this fraction formed the. 

. Surface antigen of the organism. With 18 hours glucose broth cultures of 
different strains used as antigens, only strain 090 (Lancefield type Ia) gave a 
visible precipitin line representing group-specific component and none of the 
other group-B strains showed any line. This indicated that perhaps in the 
case of 090 strain, the surface group specific component was in somewhat loose 


attachment. 


The group specific antibody started appearing in the peripheral circula- 
tion of the rabbits under immunisation.by about 20th day, but the type 
specific antibodies could be detected only after a prolonged course of hyper- 
immunization with living organisms. It wasseen that with additional courses of 
inoculations the successive specimens of sera showed increasing number of 
precipitin lines, indicating that antibodies to different antigenic fractions 
appeared at different times and that perhaps a reinforced antigenic stimulus - 
was required. Further some rabbit and strain variations were noticed. - 


Staining with azocarmine of precipitin reaction on gel diffusion slides in- 
dicated the usefulness of this method in preserving the eii for poe of ` 
atleast two years and perhaps indefinitely. 


It could not be possible to characterise iud streptococci into clear 
cut sero-types by the keogh haemagglutination, haemolysis and haemagglutina- 
tion inhibition tests. Lancefield representative group-B. strains gave haema- 
gglutination and haemolysis titers which were comparatively lower than those 
obtained with strains insolated from clinical cases of bovine mastitis in India. 


It may be added that the strain Ladly of streptococci Tancehdd: type I 
included in the present study evoked higher precipitating antibody contert in 
immunised rabbits. It gave maximum number of reacting components ia 
gel diffusion test. The possibility of using this strain for immunological pur. 


poses should be explored. 


INCIDENCE OF FUSARIUM WILT OF GRAM (GICER ARIETINUM L.) 
IN OILCAKES AMENDED SOILS* 


. S. K. CHAUHAN 
Botany Department, Agra College, Agra.. 


Use oforganic and inorganic manures for control of diseases caused by 
soil fungi has been suggested by various workers, King and Loomis (1926) 
reported that heavy application of manutes or other organic materials consis- 
tantly reduced the cotton root rot. Hooker, Walker and Link (1945) have 
observed the controlling effect of two mustard oils for the Club-root disease of 
crucifers. Chowdhury (1946) suggested that mustard oilcake can greatly 
reduce the incidence of Sclerotial wilt of pan. The present investigation deals 
with the influence of certain oilcakes on the incidence of gram wilt caused 
by Fusarium orthoceras App. and Wr. var. ciceri Padwick. The oilcakes contain 
N, P, and K (the three critical elements), while the: mer oilcake contains 
5 in addition. 


ion AND Mo 


Three kind of oilcakes (i) groundnut oilcake (ii) til oilcake and (iii) mustard 
oilcake were used to amend the soil. Twelve replications were maintained 
throughout the course of the experiment for each treatment and its control. 


8 lbs. of garden soil was filled in each pot (9"x12") of the experimental 
series. Half pound of finely grounded oilcake powder was uniformly mixed 
with the soil in each treatment. One set of pots contained only garden 
soil which indicated wilt incidence in normal soil. i 


The soil was inoculated in the usual way. The pathogen was mixed with 
the soil of each pot in all the different treatments and also in the ungmended: 
. goil. A control, where the soil was not infested with the pathogen, was separately 
maintained for each treatment. Three days after inoculating the soil five 
seeds of gram (variety T 87) were sown in each pot. Throughout the period 
of experiment the optimum conditions of disease development were provided 
as worked out by the author (1959). 


When the plants began to wilt the number affected each day was recor- 
ded separately for each treatment. In the control experiment none of the 
plants showed any sign of wilting in any. of the treatments under observation. 
The figures for total mortality were analysed statistically and the progressive. 
rate of mortality plotted on a graph for the different. treatments, 


The different oilcakes were analysed for the perceńtage values of nitro- 
gen, phosphorus, potash and sulphur following standard chemical methods. 





* A part of approved Ph, D. thesis of Agra University, | 
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RESULTS 


The data of oilcakes analysis and the series dealing with the effect of 
various oilcakes are presented below : | 
| ] TABLE 1 
Showing percentage value of each 


Name of oilcake 














Groundnut oilcake . 
Ti oilcake . | . 6.22 | 2.00 | 1.21 | ——— 
AAA ARPA --———————!—O————————— Hmmm m 
Mustard oilcake E EG i : 
5.20 . 1.83 1.21 . +e 


*: Phosphorus in the form of Phosphoric acid. 
** Present in sufficient quantities. 
The above table indicates that the percentage values of nitrogen, 
phosphorus and potash is not the same in each oilcake under study. Fur- 


ther, it lias been shown that the mustard oilcake has sufficient quantity of 
sulphur in addition to-N, P and K. 


e p = OB 3 TABLE 2 
| Analysis of variance Jor total Mortality 








"Treatment due to D. E. | S.S.. | M.S.S. | F 
Oilcakes 3 10750 | 3583.33 ` 79.62 
Error y 20 900 45.00 nes 
| 23 | 








Experiment significant at 5% level. C. D, 3.995 
Itis thus clear that the effect of individual factor is significant indicating 
the reliability of such experiment. | | 
| TABLE 3 ~ 
Showing percentage mortality in different treatments 





Soil ." Soil amended with Soil amended Soil amended with 

non-amended groundnut oilcake with til oilcake mustard oilcake 
63.33 ` . 20.00 * 18.93 8.93 

+ 6.34 + tb + 2.08 “+ 2.04 ~ eb 12 
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The above data indicate that by amending the soil with oilcakes; there 
is a significant reduction in percentage mortality. The order of reduction 
being soil 63:33> GOUNE oilcake 20: 00> til oilcake 18:33> ae 
oilcake 8:33, 


There is, however, no significant difference between percentage mortality 
in til oilcake and groundnut oilcake, the figures being 18.33 and 20:00 respec- 
tively (C. D. 3.995). In mustard oilcake it is significantly lower 1. e. 8°33. 
The different treatments can be grouped as follows :— 


Soil Soil with Soil with l Soil with 
untreated mustard oilcake til oilcake groundnut oilcake 
63:33 833 18:33 20:00 


. 
ATA tec NN ph M — I MÀ y gioi i a t m, PRA dr t np AN t 


The maximum rate of mortality occurs after fifteen days for a period of 
one month, in all the treatments under trial. In mustard oilcake amended 
soil, the disease appears only during this period and-afterwards becomes steady, 
indicating perhaps a very suitable period of disease incidence. The tempo 
of disease development is almost the same in groundnut oilcake and til oilcake 
treated series. A precise idea of the e tempo of disease development is indicated 
in Graph. 


CONCLUSION 


Generous application of fertilizers is undoubtedly an effective way of 
reducing the proportion of crop loss caused by root diseases. -According to 
Garrett (1942) the proportional loss occasioned by the ‘take-all’ disease .of 
wheat is greatly aggrevated by poverty of the soil in one or more of major 
nutrients. A generous supply of plant nutrients probably increases plant 
resistance chiefly by promoting a more rapid production of new crown.of roots 
to those destroyed by the disease. Since the work of Smith and Walker (1941), 
the scope of investigations on the effect of nutrients upon development . of 
diseases has greatly enlarged. It has been pointed out by Dick and Tisdale 
(1938) that when nitrogen and potash are jointly applied, the incidence of 
wilt disease is very considerably reduced. Addition of nitrogen alone increases 
vascular wilts (Clayton 1923, Fisher 1935), while the effect of potash is bene- 
ficial (Young 1935). Oilcakes under trial in the present investigation have 
both nitrogen and potash and they reduce the incidence of the wilt disease 
of gram. By amending the soil with mustard oilcake the disease is reduced 
more due to the action of sulphur which is an extra constituent in this 
oilcake. Further, the proportion of nitrogen in mustard oilcake is less than 
in other oilcakes used in the experiment. 


SUMMARY 


Wilt of gram (Cicer arietinum L.) caused by Fusarium orthoceras var. ciceri 
has been studied in relation to different oilcakes amendments. Soil was 
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amended ‘by three kinds of oilcakes viz., groundnut oilcake, til oilcake, 
and mustard oilcake. It was noticed that by the application of oilcakes there 
: 18 a significant reduction in the percentage mortality. Mustard oilcake proved 
to be the best in controlling the disease. The remaining two oilcakes proved 
to be of casual value, while in the untreated soil the disease was quite high, 
nearly 64%. "The data were analysed statistically. 


. ACKNOWLEDGEMENTS 


The ido wishes to express his deep sense di gratitude to Prof. S. Sinha, 
Head of Botany Department, Agra College, Agra for his valuable suggestions 
and helpful guidance during the work and to the Scientific Research Committee, 
U. P. for financial help. 


REFERENCES 


1. Chauhan, S.K. 1959. Studies on wilt of gram and crop loss estimates. Ph.D. Thesis, Agra 
University. S 

2. Chowdhary, S. 1946, Effect of manuring on the Sclerotial wilt of Pan (Piper betle ai Indian 
Jour. Agri. Sci., 16, 3 : 290-293. 

3. Clayton, E. E. 1923. The relation of temperature to. the Fusarium wilt of tomato. Amer. 
Jour. Bot. 10:71-87. 

4. Dick, J. B. & Tisdale, H.B. 1938. Fertilizers in relation to incidence of wilt as affecting 
a resistant variety. Phytopath. 28 : 666-667. 

5. *Fisher, P.L. 1935. Physiological studies on the pathogenicity of Fusarium lycopersici for 
the tomato plant. Bull. Md. Agri. Sta. 374. . 

6. *Garrett, S. D. 1942. Take-all disease of cereals.. Tech. Commun. Bull. Soil Sci. , Har- 

' penden, 41, 2 

7. Hooker. W.J.,. Walker, J. C. & Link, K. P. 1945, Effect of two mustard oils on Plas- 
thodiophora brassicae and their relation to Club root. Jour. Agri. Res. 68 : 63-78. 

8. King, C. J. & Loomis, H. J. 1926. Experiments on the control of cotton root rot in 
Arizona, Jour. Agri. Res. 49 : 1093-1107. 

9, Smith, P. G. & Walker, J. C. 1941. Certain nutritional factors affecting Aphanomyces 
root rot of garden peas. Jour. Agri. Res. 64:1-20. 

10. *Young, P. A. 1938. Control of cotton wilt and Rust, for potash dai by use of Potash 

i containing fertilizers, Bull. Ark. Agri. Exp. Sta. 358. 





Original not seen, 


~N 


ALÌTVLYOWN 


t 


Sept., 1963] S. K. CHAUHAN on Incidence of Fusarium -Wil of Cram’ 


39V1N3OH3d 
O : o 


Le 
O 


3 


= - 


i dim 
CN 3 
I » - 


^ t 


PROGRESSIVE RATE OF MORTALITY 
.—. UNTREATED ` -~ 
e— G. OILCAKE ^ 0 70 h 7 -. 

a T OLCAKE ae 

amo M.OILCAKE, + 0 | 







Ò > * 
+ » 


N 
0 


147 





PHYSICO CHEMICAL STUDIES ON BRILLIANT GREEN* 


 SARVAGYA S. KATIYAR 
Chemistry Department, Indian Institute of Technology, 
Agricultural Gardens, Post Box No. 289, Kanpur, 


Studies on the reactions responsible for the unstable nature of the dyes 
of triphenylmethane series have been the subject of recent investigations; and 
attracted the attention of many workers on account of their marked 
industrial importance as dyeing agents. Brilliant green (B. G.), chemically 
known as 44’bis diethylamino triphenyl methyl sulphate 


NOD nes ne 


which is one of the important dyes of the triphenylmethane series, is of 
characteristic green colour and shows absorption maximum at A=625, 426 
and 319 mu in the visible and ultraviolet regions of the spectrum and has 
been employed as not only a dyeing agent but also for analytical purposes, 
for estimation of Au, T], etc. 'The characteristic colour of B. G. decreases 
with time in acid and .alkaline medium. Kinetic study of the ‘nature and 
mechanism of the reaction (s) responsible therefor, formed the subject matter 
of this dissertation. 


In part 1 of the Thesis are presented detailed investigations on the 
kinetics of decomposition of B. G. in alkaline medium while Part II reports 
data on the same in acid medium. Since the reactions occurring in these 
solutions are of different nature (as indicated by the results), the presentation 
of the results in two o separate parts has been necessitated. af 


The absorption spectrum of B. G: was investigated over a wide range 
of concentrations and at different pH values where the kinetic studies were 
sought to be investigated. Careful control ofthe experimental conditions 
was an essential requisite for these studies on account of the incipient decom- 
position and the associated decrease in characteristic extinction coefficient; 
and also due to adsorption of the dye on glass surface. - Data were presented 
to show that Beer's law was . applicable under the experimental conditions 
selected for kinetic investigation; this appeared to be a prerequisite for the 
successful completion of the investigations and valid analysis of the data obtain- 


* This is an abstract of the thesis submitted and approved for the degrce of Doctor of 
Philosophy of the Agra University i in 1962, 


150 AGRA UNIVERSITY JOURNAL OF RESEARCH [Vol. XII 


ed therein. The results presented in chapter 2 showed that the reaction’ 
responsible for decolourisation, or fading of the colour, of the B. G. solution in 
alkaline medium was bimolecular and second order in nature; the velocity 
of the reaction was markedly dependent upon the concentration of OH-. 
The apparent rate constants (k) of the reaction under conditions of known 
and excess of [OH-] were computed and the real bimolecular constants (k’) - 


were computed (k' = The reaction appeared very fast : at pH= 


[oH- ^ 
11:20, the deep green coloured solution (corresponding to O. D. 0:300) 
became colourless within 35 minutes (t4=4:8 min). So long as the alkali or 
[OH-] was present, the decomposed solution remained colourless; when 
OH- was removed from the sphere of reaction by addition of calculated 
quantity: of an acid, the colourless reaction system started gradually acquiring 
the characteristic green colour, with absorption maxima at the wavelengths 
as of original B. G. solution -(see also Fig 2-VIID. These studies proved 
that the reaction was a reversible one and acquired unidirectional nature in 
excess concentration of OH-. The influence on the velocity constant of the 
reaction of various factors such as (a) conceatration of B. G. and OH- (b) 
temperature (c) ionic strength and (d) dielectric constant of the system was 
investigated. While the studiés on “(a) proved the bimolecular nature of the 
reaction, those on (b) gave the energy of activation and other thermodynamic _ 
properties of the reaction (chapter 4). The data on (c) and (d) when analy- 
sed on Bronsted-Christiansen-Scatchard . equation gave a remarkably interest- 
ing result about the nature of the reactant, in addition to OH” : the species 
of B. G. which involved in the reaction, was positively charged in nature 
(chapter 3). These studies led the author to suggest for the first time in 1 the 
field: of research, the following mechanism (chapter 6): 


(i) B. G. first ionises to yield a positive ion (fast). 
(11) The positive ion of B. G. resonates with another species carrying 
a positive charge on central carbon atom (fast). : 
(iii) The ion of B. G. with positive charge on central carbon reacts 
with OH ion to form carbinol (rate determining step). 
Part 11 deals with, as pointed out earlier, the, kinetic studies on the 
reaction of B. G. in acid solutions. | 


The characteristic rate constants of this reaction were markedly distinct 
from those obtained. for the reaction in alkaline solution. 'These were 
computed for various concentrations of B.G. and Ht. As in the case of 
alkaline solutions the decomposition of B. G. in acid solution was reversible 
in. nature. The kinetic studies were, therefore, carried out in excess of con- 
centration of H+ ion, which appeared to be one of the reactants in the 
bimolecular reaction. From the studies on the influence of “temperature 


of reaction NS” and other thermodynamic constants were compute d 


(chapter 10). While, E*^ and AS” were 12:59 kgals and -20'12 cal/deg. 
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mole for the decomposition of B. G. in alkaline solutions, the same 
were 11°65 kcals and —24-36 cal/deg. mole respectively in acid solutions. The 
data on the effect of ionic strength and dielectric constant on velocity cons- 
tant of the reaction in acid solutions (chapters 8 and 9) showed that unlike 
in alkaline solutions, the reaction in acid solutions involved two species with 
similar unit charge thercon. Since the H+ is one of the reactants, it is deduced 
that the other is the: do charged i ion of B.G. The Maat mechani- 
sm was suggested : 


(i) B. G. first ionises to yield a positive ion (fast). 


(i Due to resonance another cation of B. G. carrying a positive 
charge on central carbon atom is obtained (fast). 


(ii) Cation of B. G. with a positive charge on central carbon atom 
reacts with Ht ion to give acid salt (rate determining step). 


The data presented in this dissertation show clearly for the first timc 
in this field of research that the same ionised species of B. G, on reaction 
' with H+ and OH- ion gives different reaction products for which evidence has 
been adduced. The mechanisms for the reactions were put forward which 
elucidated all the observed facts. 


The results on the variation of velocity constant with the composition 
of the acetone-water mixtures used as solvent, showed that 30% acetone-water 
mixture could be safely used for the colorimetric estimation of Tl and Au, 
which has been tested and found extremely suitable. 

| 


At the end of the Thesis is presented an Appendix which reports 
polarographic investigations on the behaviour of B. G.at dropping mercury 
electrode. These studies though uncoxnected with the main work of the 
dissertation, were the result ofacademic interest of the author in examining 
the recent theory of irreversible reaction systems. Simple cations like Cdt?, 
Pbt? etc, are reversibly reduced at d. m. e. and the polarographic data thereof | 
are amenable for analysis by Heyrovsky-Ilkovic equation (similar to Nernst 
equation of electrochemical reactions}. Complex organic substances undergo 
reduction at d. m. e. and the corresponding data are disobeyed by the above 
equations for reversible systems. For elucidation of the irreversible reduction 
processes, various mechanisms have been put forward. Of these, the one 
developed by Delahay assumes the occurrence ofa time-process preceding 
or following the reduction process. B. G. gave at d. m. e. two reduction waves 
both of which were irreversible in nature, which was proved by indepen- 
dent ard varied experiments. Data on the diffussion coefficient employing 
McBain and Dawson cell were computed as these were required for the 
application of Delahay’s theory. The rate constants of the reaction preced- 
ing the electrochemical reduction process were computed. A mechanism for 
the overall reduction process was suggested. 


STUDIES OF THE ANT REACITONS OF UREASE* 


Visano CHANDRAT 
Assistant Professor of Chemistry, B. R. College, Agra. 


SUMMARY 


Urease in an enzyme of special interest, because it was the first enzyme 
to be obtained in the crystalline form. The present investigation was 
‘undertaken to study the following aspects of its activity: (1) To investigate 
the decomposition of urea under. varied experimental conditions; (2) To 
find out the influence and mechanism of action of Agt, Cutt, Auttt+, Pbt, 
Snt+ and Sntttt ions on the decom»osition of urea by urease; and (3) To 
investigate the possible role of urease in the protein metabolism of plants 
which contain this enzyme in appreciable quantities. 


Urease activity is usually determined by allowing a known quantity of 
urease to react with excess of urea in presence of a buffer solution of pH 7 
for a definite interval of time, . The reaction is then stopped by adding acid 
and the ammonia produced is aerated off and estimated either by nessleri- 
sation or by titration. In the present investigation, urea; urease, buffer etc., 
are mixed together and 5 ml. ofthe reaction mixture are taken out and 
titrated against N/50 sulphuric acid using methyl red indicator. Suitable 
controls are also run simultaneously. 


The work has been divided into four chapters. The first chapter 
deals with the decomposition of urea by urease under different experimental . 
conditions. The decomposition of urea has been studied with commercial 
(B.D.H.) as well as soyabean urease, by using the above mentioned method 
of determining. the urease activity. The presence- of urease in soyabean 
(Glycine soja) was discovered as early as 1909 by Takeuchi,? but since then 
not much work has been done to investigate the reaction kinetics of the urea- 
se present in soyabean in its natural environment. Although it has usually 
been believed by biochemists that urease obtained from different sources, is 
the same, the variations in the isoelectric point of the urease obtained from 
different sources?,* and the difference in the optimum pH of their reactivity®,® 
leave doubt whether the various enzyme samples obtained from: the different 
tissues may not be different proteins having a common urease activity. There is 
almost complete lack of knowledge regarding the role of urease in plants. 
To study the function of urease in the tissues, a thorough investigation of the 
proteins with urease activity, -ia their natural environments, as well as a 








* This is an abstract of the thesis submitted and approved for the degree of Doctor of 
Philosophy of the Agra University in 1962. 
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study of the possible’ functions, they may be playing in plant and animal 
tissues with their urease activity, becomes much more essential. It is with this 
end in view that the present investigation was undertaken. 


The investigation of urea decomposition by varying quantities of aqueous 
soyabean extract has been undertaken, and it has been observed that though 
soyabean contains urease in sufficiently active form, the high concentration of 
the extract does not increase the decomposition of urea proportionately. This 
seems to indicate the presence of some urease inhibitor in the extract. It 
appears that the ammonia set free by the decomposition of urea is utilised in 
the conversion of organic acids formed by the extract into amino acids which 
subsequently form peptides. 


In studying the decomposition of urea by commercial urease, it was 
observed that the decomposition of urea increased by increasing the concen- 
tration of the enzyme to a certain extent, beyond which the increased rate 
of urea decomposition is not observed though the mixture contains enough 
undecomposed urea. The influence of substrate concentrations on the urease 
action has also been investigated. It has been found that the decomposition 
goes on increasing by increasing the concentration of urea. . 


The influence of pH on the decomposition of urea by commercial as 
well as soyabean urease has also been investigated. It has been observed 
that although urease is quite active in the pH range 6-8 —10-0, the optimum 
pH for phosphate buffer is 7:6. 


The second chapter deals with the effect of Agt, Gutt, Auttt, Pht, 
Sot? and Snte ions on the decomposition of urea by. urease. Silver, 
copper, and gold belong to the I B group of the periodic table and the 
influence of their ions has been determined, at pH 6:8, 7:8 and 8:8, by using 
solutions of silver nitrate, copper. sulphate and gold chloride. All the three 
have been found to be inhibitors of urease. Silver ions have been found. 
to be the strongest and gold ions the. mildest inhibitors.: The experiments 
performed with these ions show that the inhibition increases with the increase 
of concentration of the metallic ions and within a particular limit of.the 
metallic ion concentration, the inhibition is proportional to the metallic 
jon concentration. The .decrease in the inhibitory. influence with an increase 

inthe valency oftheseions may bs explained by supposing that a divalent 
ion (like Cutt) may form a complex with two molecules of urease, and a 
trivalent ion (like Aut*t) may form a complex with three molecules of 
urease, thereby leading to the formation of ladder like and tripod like struc- 
tures. "These structures will offer steric hindrance for the further deactivation - 
of active centres of the urease molecule, and obviously this steric hindrance 
wil be greater with tripod like structures than with ladder like structures, 
and the greater the steric hindrance, the greater will be the number of ions 
required to:-deactivate a molecule of urease. Hence gold ions, which are 
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a 


trivalent, will be required in larger numbers to deactivate urease completely 
than copper ions which are divalent. In the case of silver ions which are 
monovalent, the question of this steric hidrance . does not arise and hence 
they should be the strongest inhibitors and that has been found to be the 


case. 
P. 


The influence oflead ions has been determined by using lead acetate 
olutions. Lead acetate acts as an inhibitor in the decomposition of urea by 
urease for some time, after which, as if the enzyme has acclimatised and has 
adapted to it, the inhibition decreases and finally the metal ion activates 
the reaction. The inhibition is indicated as either poor requirement of the 

standard acid solution in the titration of free ammonia or as total inactivity 
of the enzyme when no urea is decompos:d for sometime, thus indicating a 
lag period in the enzymic activity. 


In this series, where influence of lead acetate on the 'decomposition of 
-urea by urease has been studied, a case similar to biological adaptability and 
acclimatisation is observed ina purely chemical mixture. Whatever, may 
be the actual mechanism of decrease in the inhibitory. influence - of lead 
ions on urease with increase of time and finally resulting in activation or 
whatever may be the reason for lack of activity for sometime in presence 
of lead ions and then activation of the enzyme, these observations are very 
much similar to biological adaptability and biological acclimatisation respecti- 
vely. Observance of such a phenomenon in a mixture of non-living substan- 
ces merely by an enzyme is of great academic interest in the study of mole- 
cule evolution leading to the formation of pro-protoplasm or protoplasm in 
the pre-biological era of the earth. 


The focal of Snt+ and rem ions on urease activity has been 
determined by employing solutions of stannous chloride and stannic sulphate 
respectively. It has been observed that Snt+ ions act as strong activators 
for urease, and pH 6:8 has been found to be optimum ic for this activation. - 
The activation by Sn++ increases by increasing its concentration upto a certain 
limit and then sharply declines by further increasing its concentration. 
Snt+++ ions have also been found to be strong activators of urease. 


The third chapter deals with an attempt to investigate the possible role 
of urease in protein metabolism of plants which contain it in appreciable 
quantities. Urease has been: found to be absolutely specific, although Shaw 
and Kistiakowsky" have stated that biuret is hydrolysed by crystalline urease. 
The only reaction indicated by the enzyme is the decomposition of urea with 
the liberation of ammonia. It is not yet understood as to what function the 
enzyme playsin the biological tissues where it is found, because in many 
tissues where itis found,no urea or free ammonia has been detected at any 
stage. The presence of high concentrations of urease in soyabean which. 
is very rich in protein content suggested the possibility. of urease activity in 
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the protein synthesis or that itis in some Way related to ine protein metabo 
lism of the bean tissue. 


To study the possible role of this enzyme in tissues, boiled soyabean 
powder extract and boiled gram powder (Cicer artetinum) extract, separar . 
tely as well as in presence of each other, have been tried as substrates for 
urease, Gram powder does not contain any urease, but was selected on 
account of its rich protein content. The solutions were boiled to inactivate 
all the enzymes present in thése solutions, so that any reaction which may 
occur, may be attributed to the action of urease only. Suitable control ex- 
periments were also carried out to eliminate possible errors due to the presence 
of other substances present in such natural substrates as gram powder and 
soyabean powder. The amino acid content of the reaction mixtures was deter- > 
mined by titrations of the neutralised reaction mixtures against N/50 sodium 
hydroxide solution, in presence of neutralformalin. The results of the experi- 
ments indicate that although there are some indications of proteolysis and 


peptide formation by ida it cannot be said conclusively that this is the _. 
case. 


"The fourth chapter deals with an investigation to determine if urease acts 
as a cosnzyme for some proteolytic enzyme. "To determine this, its influence 
on thé proteolytic activity of papain has been investigated. An attempt has 
also been made to investigate as to how far amino acids influence the decom- 


position of urea by urease, and glycine was chosen for this series of experi- 
ments. 


The influence of urease on papain has been determined in presence of 
stannous chloride which acts as a strong activator of urease. It has been 
found that papain acts as a strong activator for the decomposition of urea by 
urease and its use also results in. the increased formation of amino acids, i. £., 
proteolysis: of proteins of the mixture also takes place simultaneously. The 

decomposition of urea as well as the proteolysis increase to a certain’ extent 
by increasing the"concentration of papain. Both the reactions are then slowed 
down by a further increase in the concentration of the enzyme. ‘The optimum 
pH for both the reactions has been found ‘to be 6:8, although both the reac- 
.tions occur appreciably at pH 7:8 and 8:8 also. Though Zakowski® had 
observed that urease was not attacked by hydrocyanic acid activated papain 
at pH 7-0, and was markedly weakened at pH 4:4—5'5, his work was limited 
to a study of the proteolytic action of papain against the protein of the urease 
molecule.and no investigation of the combined influence of urease and papain 
has-been carried out. Experiments described here indicate that instead of 
proteolysis of urease by papain, urease is activated by simple papain which has 
not been modified by any activator as hydrozyanic acid or hydrogen sulphide. 
This activation is not uni-directional but is equally shared by papain mole- 
cules as well and far more proteolysis of the proteins of soyabean by papain is 
observed than with papain alone, 
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The experiments with glycine were carried out with a view to study, as 
to how far urea is essential in mixtures, of urea, urease, stannous chloride, 
and glycine, which show increased ammonia formation and proteolysis of soya- 
bean proteins, It has been found that urea is absolutely essential for increas- 
ed formation of ammonia as well as for the formation of amino acids. The 
experiments performed in presence of urea indicate that glycine acts as a 
strong activator in the decomposition of urea by soyabeen urease. The 
activation increases by increasing the amount of glycine. 
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MORPHOLOGICAL STUDIES OF THE FLOWER OF MYRTACEAE 
WITH SPECIAL REFERENCE TO ITS VASCULATURE* 


Ko. ISHWARI Guptat 
School of Plant Morphology, Meerut College, Meerut. 


. SUMMARY 


The present studies include 41 species of which 35 belong to Myrtaceae 
and five to Lecythidaceae. | 


It has been seen that the inflorescence in. Myrtaceae presentsa wide 
range of variation. Inflorescence in Lecythidaceae is racemose or cauliflorous. 
Modes of specialization of inflorescences are illustrated by schematic diagrams. 


It has been observed that secretory cavities are of general occurrence 
in Myrtaceae, but are absent in Lecythidaceae. 


Occurrence of tannins .also follow the same rule as do the secretory 
cavities. | 


^ 


The sepal lobes are either free with a single vascular bundle or they 
are more or less fused to form Calyptra (Psidium) or operculum (Eucalyptus). 
In latter case they receive large number of vascular supply. 


Petals in all except Eucalyptus are normal. In this genus they form an 
inner operculum with large amount of vascular supply. 


The stamens are numerous one trace organs, ‘They receive their 
vascular supply from a trunk vascular supply, “the stamen fascicle trace”, 
These traces aré supposed to be produced by cohesion of stamens and their 
vascular traces. 


The study of style and stigma reveals several variations which appear 
'to indicate some trends of specialization in the gynoecium. The stylar 
canal or transmitting tissue is formed by the inward movement of some of 
the epidermal or subepidermal cells of the placental region. The lobes of 
the stylar canal are equal to the number of the carpels present. 


The stigma is carinal and rarely (Leptospermum) commissural. In either 
case it has been observed that secondary marginal bundles are more promi- 
nent. 


A tendency towards gynobasic style has'been observed in Callistemon and 
Malaleuca. 





* This is an abstract of the Thesis submitted and approved for the degree of Doctor of 
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= The placentation isinterpreted to be axile apparently but parietal 
anatomically. Evidence for such a suggestion has been obtained from the 
course and the behaviour of vascular bundles supplying the placentae and the 
ovules, It has been further deci: that axile is giving way to parietal 
placentation. 


The ovary is inferior, but rarely semi-inferior. No conclusive evidence 
has been obtained regarding the nature of the inferior ovary. 


i 


Anatomy of the operculum shows that it has different origin in different 
group of species. Probable origin of operculum has been traced from calyp- 
trate petals present in Syzygium species. 


- Circumscissile dehiscence of the operculum is brought about by break- 
ing, disruption and separation of cells at the zone of dehiscence at the time 
of anthesis. 


The type of node present in the six members studied shows that the node 
is always unilacunar, which has been considered to be derived from the 
primitive two-trace unilacunar node. 


From the summation of the evidence it has been concluded that the 
three genera Barringtonia, Careya and Couroupita should be placed in a separate 
family Lecythidaceae. 


STUDIES IN THE PATHOGENICITY OF CERTAIN 
PARASITIC FUNGI WITH SPECIAL REFERENCE - 
TO THEIR PECTIC ENZYME SYSTEMS | 


M. N. Gupta 
Associate Professor, Botany Department, Agra College, Agra. 


In the present investigations three parasitic fungi, namely Rhizoctonia solani 
causing root rot of linseed and other hosts; Fusarium orthoceras f. ciceri causing 
wilt of gram and Penicillium expansum responsible for.the soft rot diseases of 
many fruits, were studied in detail for the production of pectic enzymes in vitro. 
The properties of these enzymes and their possible role in the pathogenicity 
were also investigated. Following are the more important findings: 


1. Although a number of natural media were used, none of them was 
found to be suitable for the active enzyme secretion for any of the three 
fungi. However, many of them supported very good growth of the fungi. 


2. F. orthoceras f. ciceri and P. expansum secreted active enzymes on media 
which contained pectic substances, while R. solani was able to secrete these 
enzymes on a large number of media even in the absence of pectic substances. 


3. R. solani and P. expansum showed no special liking for any carbon 
source as they could secrete active enzymes with a number of carbon sources. 
F. orthoceras f. cicers, however, preferred cellobiose for active enzyme secretion. . 


4. Though the three pathogens were able to utilize a good number of 
nitrogen sources, both organic and 1 inorganic, yet the best results were obtained 
with ammonium nitrogen. 


| 5. PP, PG and PE enzymes behaved differently when subjected to the 
variations of temperature, pH, dilution and purification. . This clearly indi- 
cates that PP, PG and PE are separate enzymes. 


6. PP, PG and PE of the three fungi were found to be highly heat 
resistant as they were not completely deactivated on autoclaving at 120°C for 
20 minutes. This was more so with PG enzyme. However, recovery of the 
enzyme activity at 70°C, after it had shown a sharp fall at 60°C, was observed 
in the case of R. solani and F. orthoceras E cicert. No such recovery was observed 
in the case of P. expansum. í | 


. 7. PP enzyme showed maximum REOS at higher temperatures as 
compared to PG and PE. 


* This is an abstract of the Thesis submitted and approved for the degree of Doctor of 
Philosophy of the Agra University in 1962, l 
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8. Purification by precipitation with alcohol and acetone has been found 
to be much better than dialysis as.in the latter case the enzyme lost much of 
its activity. | i 

9. PG-and PE of the three pathogens were most active at pH 6.2 while 
the optimum pH for the activity of PP was in the neighbourhood of 3.0. 


10. Enzyme preparations from the three sources could be successfully 
stored, as crude culture filtrates at O°C under toluene for 30 days without 
much loss in their activity. When stored.as dry precipitate they lost. their 
activity much more rapidly. 


11. Enzyme preparations, obtained from P. expansum, which contained 
very little PE but active PG, showed very rapid breakdown of pectates as 
compared to pectin while the enzyme preparations from R. solani and F. 
orthoceras f. ciceri affected both the compounds with equal rapidity. In the 
latter two fungi PE was more active than the former pathogen. This has led 
to the conclusion that either DP'is comparatively less active in P. expansum 
or this difference is due to the very poor activity of the PE enzyme. 


12. Studies on the specific rotation of mixtures in which pectic enzymes 
were reactng with pectic substances and chromatographic studies of the 
breakdown products of pectin and sodiumpolypectate solutions have indicated 
the possibility of the presence of one or more unidentified enzymes which 
further break down the monogalacturonic acid chain. 


13. There exists no relation between the ability of an organism tó- 
parasitise a tissue and to secrete HE macerating enzymes in the decoction of 
that tissue. 


~ 


14, There are evidences that plant tissues contain certain inhibitors 
which decrease the enzyme activity when both are mixed in vitro, 


15. Ithas been proved that pectic enzymes play a definite and impor- 
tant role in the development of- wilt symptoms. They bring about the 
dissolution of the pectic substances of the cell wall which accumulate and 
plug the vessels. 


16. Not only PG and PE but ls PP has been shown to be i impor- 
tant in pathogenesis, as it brings about the disorganization of host tissues. 


N. B. The details of the investigations are under publication in various 
journals. . 


STUDIES ON SOME’ MYCOTIC INFECTIONS 
OF DOMESTIC ANIMALS AND POULTRY* 


RAM Pratap TEWARI 
Department of Pathology and Bacteriology, j 
UP: College of Veterinary Science & Animal Husbandry, Mathura. 


Recognising the importance of mycotic infections in this era of increas- 
ing antibiotic therapy the studies on some mycotic infections of domestic 
animals and poultry has been undertaken. In a general way, an attempt 
was made to explore the possibilities of common prevailing fungus disea- 
ses in northern part of country and the infections studied were dermatomy- 
coses, candidiasis, Trichosporon infection, rhinosporidiosis and phycomycosis. 
A total of 5,596 animals represented by 2268 cattle, 1874 buffaloes, 172 
dogs, 112 horses, 60 goats, 5 sheep, 230 pigs, 875 poultry, 3 human beings 
and 18 soil samples were examined during the course of this study. 


The primary isolation. of these dermatophytes was attempted on four 
different media starting from Sabouraud agar supplemented with penicillin 
and streptomycin but a complimentary pair of cycloheximide and Morenz 
desoxycholate media appeared to be more satisfactory for the purpose. 
The Riddell’s slide culture technique usedin this study also appeared to be 
very helpfulin the identification of ringworm fungi. 


5 
i 


One hundred and nine strains of ringworm fungi represented by five 
species of dermatophytes, M. gypseum 9, T. mentagrophytes (both varieties) 42, 
T. verrucosum 43, T. rubrum 13 and T. violaceum 2, were isolated from clinical 

‘cases of ringworm, from cattle, dog, horse, poultry and man. 


Out of these the isolation of T. mentagrophytes var. granulare, T. verrucosum 
and T. violaceum from cattle; M. gypseum and T. mentagrophyles var. granulare 
from dog; M. gypseum and T. mentagrophytes var. granulare from horse are pro- 
bably the new host re:ords for India, while T. mentagrophytes var. interdigitale 
(downy) from cattle and T. mentagrophytes var. granulare from poultry do 
not appear to have been recorded on any previous occasion. 


The over all incidence of ringworm in cattle came to 2:9 per cent while 
the corresponding figures for other animals were, dog 9:3 per cent, horse 8:0 
per cent, and poultry 1:9 per cent. Age appears to have a marked effect on 
the incidence of ringworm ‘in cattle, calves under one year being more suscep- - 
tible than mature cattle. 


An abstract of the Thesis submitted to the Agra University in partial fulfilment of the 
requirements for the award of M.V. Sc. degree in Bacteriology. 


Q* 


164 . . AGRA UNIVERSITY JOURNAL OF RESEARCH [Vol Xil 


It is interesting to note that the same dermatophytes 7. verrucosum and . 


T. mentagrophytes var. granulare were isolated from cattle and poultry respecti- 
^. vely, as well as from their attendants; the: ae health implications of which 


has been stressed. 
Three strains of Sepedonium species one from a dog and other two from 


horses were isolated from skin lesions of these animals. The possible signifi- - 


cance of which could not be ascertained as no previous record of such an in- 
fection is available. Besides these, two strains of M. gypseum were isolated 
. by heir-bait technique from soil samples collected from different places. 


A total of 215 Candida strains represented by C. albicans 206, C. tropi- 


calis 3, and.C. rugosa 6 were isolated from normal as well as from the crops 
showing gross lesions resembling to “turkish towel". CG. rugosa has potent 


been recorded for the first time in poultry. i 


A markedly higher incidence of Candida in the crops of adult birds above 
four weeks (56:6 per cent) as compared to chicks under four weeks (146 
per Ent was observed. 


iu cattle, Candida species were isolated from nasal passages of 61 (54:9 
per cent) out. of 111 nasal granuloma cases and 7 (6:6 per cent) out of 106 
apparently normal animals examined culturally. These 68 strains of Candida 
were represented by C. pea 29, C. albicans 5, C. C BCS 1, and Can- 


dida species 33. 


Simultaneously two different media, viz., corn meal agar with tween-80 
(C. M. T.) and sodium taurocholate agar (S. T.. A.) were tested for the produc- 
tion of chlamydospores by 250 Candida strains with an idea of comparing their 
utility. It is felt that S.T. A. inspite of its simpler composition is equally 
comparable with C. M. T. if not a little superior as for chlamydospore pro- 
duction .is concerned. All the above Candida strains were- also tested on 
Pagano-Levin medium and it appeared to be a good adjunct in the identifica- 


tion of C. albicans. 

Fiftyone strains of 7. culaneum, 24 from crops of poultry: aiid 37 from 
nasal passages of cattle were isolated. 
.No case of rhinosporidiosis sours be detected during the course of 
this study. | 


- A case of phycomycosis ina buffalo calf of one and a half year of age, | 


which died after a brief clinical history of severe diarrhoea, has been described. 


The necessity of carrying out. an extensive and well organized studies 
in the field of veterinary mycology and its epidemiological and public health 


importance in this ia is stressed. 


— 
. 


STUDIES ON THE PATHOLOGY OF BOVINE CARDIOVASCULAR 
SYSTEM* 


KusAL PAL SINGH 
Department of Pathology ES Bacleriology, 
U. P. College of Veterinary Science & Animal Husbandry, Mathura, U. P., (India). 


Cardiovascular diseases: and cancer have long been recognised as the 
most important problems in the field of medical sciences. This awareness 
hasled not only to the extensive studies and | intensified research activities 
on the problems in the whole world but also the attempts have been made 
to study the condition experimentally in domestic and laboratory animals. 
‘The present investigation was undertaken to study the pathological involve- 
ments of the cardiovascular system of cattle and buffaloes and to compare the 
lesions in these animals with some of the similar lesions described in medical 
pathology. 


During this study 2306 animals including 134 autopsied animals in 
the Department of Pathology and Bacteriology and 2096 buffaloes slaugh- 
tered in various abattéirs of Uttar Pradesh were examined grossly. The 
lesions were discernable grossly in 323 hearts, and 711 aorta of'the above 
animals, Histopathological studies were conducted on 183 hearts and 243 
aorta, out of which bloodvessels of 46 cases were also examined histochemi- 
cally for fat.and cholesterol. The deparaffinised sections of 5-7 microns 
thick were stained by routine haematoxylin and eosin method alongwith the 
special staining wherever necessary such as for the demonstration of micro- 
organisms, calcium salts, elastic tissue, lipid, cholesterol etc. 


. The lesions of lymphosarcoma involving the pericardium and epicardium 
of 217 (10°3%) cases among the 2096 slaughtered buffaloes were observed. 
The involvement of the lymph nodes was seen in most of the cases, alongwith 
the lesions in lungs, liver, spleen, and the adventitia of the pulmonary artery 
in some cases. Its higher occurrence in slaughtered buffaloes and the 
absence of these lesions in 80 young buffalo calves of 1-2 years in age sacri- 
ficed in the Surgery Department and in the 134 autopsies in the Pathology 
and Bacteriology Department are very striking. 


Bluish nodules at the valves of the heart were noted in 23 animals 
which histopathologically consisted of highly dilated blood vessels with 
lymphocytic infiltration and slight proliferation of connective tissue around 
them. Such lesions are not frequently reported in the literature. 


* This is an abstract of the thesis submitted in partial fulfilment of the requirements 
for the degree of M. V. Sc, in Pathology of the Agra University, 1962, 
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Pericardial adhesions wete noted in 68 cases which were in the nature 
of chronic non-suppurative inflammation of the serous membranes. The 
infestation of sarcocysts was histopathologically observed iu 115 (62:59) 
cases and purkinje fibres ofthe heart were affected in 23 cases. Single 
cases of echinococcus cyst infestation of ‘the heart and an unidentified parasite 


in the subpleural fat i in slaughtered buffaloes were also recorded. l 


16 cases of traumatic pericarditis and one case of tuberculous pericár- 
ditis were studied in buffaloes, 


The aorta was found to be infested with Onchocerca armillata in 224 
(9:795) cases. The parasite was found to be doing damage to the aortic wall 
specially the media over which the elasticity of the aorta depends. Exten- 
sively tunnelling on the intimal surface, thickening of the wall, aneurysm 
and nodules on the intima and occasionally on the adventitia were grossly 
observed. Histopathologically, the parasites on the adventitia caused necrosis 
intense infiltrations of macrophages with foamy cytoplasm, lymphocyte and 
giant cells at the media, in addition suppuration in a few cases was observed. 
On the intima, nodular buldging was observed in some cases with parasites 
causing protrusion even to the formation of the nodules and papilla “like 
structures. Histochemical evidence for the presenge of fat and cholesterol 
was found in the intima, media and in the, degenerated area around 
the onchozerca lesions, however, the characteristic lesions of atheroscrelosis or 
atheroma described in the medical pathology were neither grossly nor  his- 
topathologically observed in 2306 cases of this study. 


The calcification of the aorta grossly ranging from minute areas to the 
extensive plaque formations were observed in 24 cattle and buffaloes without 
onchocercosis. Histopathologically, calcification was still, more common and 
was seen in 77 out of 242 cases examined. 


Linear roughening of the intimal surface at the abdominal aorta was 
grossly noted in 340 (14:79) cases, which was well associated with aneur- 
ysm in some cases. These rough surfaces, microscopically, showed the 
degeneration of the elastic tissue of the media and intima, duplication, dis- 
ruption and fraying of the tunica,elastica interna and fine granular deposition - 
of calcium salts, In .some of the lesions, the presence of fat and cholesterol 
was demonstrated. Pinpoint white raised foci diffusely scattered on the 
intimal surface were grossly observed in 119 (5:195) cases which were made 
up of extensive disorganisation of the elastic tissue with deposits of the 
calcium salts. | 


The other conditions observed during the study were aneurysm of the ` 
aorta in 108 and of mesenteric artery in 3 cases; medial hypertrophy of the 
smaller arteries in 10 cases associated with inflammatory involvements; thrombosis 
ofthe smaller arteries of the heart, lymphnodes, spleen and vasavasorum in 10 
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cases; emboli in smaller vessels and lymphatics in 8 cases; and focal intimal 
thickening of the coronary vessels in 14 cases. The implications of various 
types of pathological involvements of bovine cardiovascular system are dis- 
cussed and the necessity of carrying out further work is stressed, 


STUDY OF ACTION OF LIGHT ON AMINO ACIDS IN PRESENCE. - 
OR ABSENCE OF ENERGY MATERIALS UNDER ASEPTIC. ` 
CONDITIONS* 


HARI Darr PATHAK . 
Th. D. S. B. Goverment College, Naini Tal. 


The effect of exposure to sunlight and artificial light on pure amino: 
acids separately and in combination with other amino acids, with or without 
energy material, under aseptic conditions, has béeh studied. At the same 
time the action of sunlight and light.of a 1000 watt bulb'on aqueous solu- 
tions of pure amino acids with or without colloidal metallic oxides'as possible. 
photosensitizers had also been studied. In preliminary investigations it was 
observed that the ultra-violet component of sunlight was more effective in the 
peptide formation. Therefore, the action of ultraviolet light on aqueous solu- 
tion of tyrosine with or without colloidal Fe,O,, V,O, and/or MoO, was also: 
investigated. These investigations were carried out separately in quartz and 
pyrex vessels. The action of light on aqueous solutions of amino acids was’ 
observed under perfectly aseptic condition of the solutions to avoid any com-- 
plication caused. by bacterial contamination. The following experiment were 
devised: 


. l. Action of sunlight and artificial visible light on the following aqu- 
cous eon of pure amino acids was investigated: — i 


ús L-Alanine, L-Valine, T-Leucine; . L-Lysine, a d acid,. 
L-Glutamic acid, L-Tyrosine, Tr ptophane and L-Histidine. 


2. Action of solar light and artificial eit ( 1000 watt bulb ) on the 
aqueous solutions of following amino acids with sucrose employed as energy 
material was studied:— . | 

~ Glycine, L-Alanine, L-Valine, L-Leucine, ‘L-Lysine, L-Aspartic acid, 
L-Glutamic acid, L-Tyrosine, L-Tryptophane and L-Histidine. 


3. The effect of sunlight and artificial visible light on the: following 
aqueous mixtures of amino acids with sucrose as additional source of energy 
was investigated :— ` 


Glycine + L-Alanine  - Glycine + L-Glutamic acid 


Glycine +. L-Valine 2 Glycine 4- L-Tyrosine 
Glycine + L-Leucine -| Glycine + L-Tryptophane 
Glycine +: L-Lysine L-Glutamic acid Je L-Leucine | 





* This is an abstract of the thesis submitted to the Agra dida for, the "ES 
9 Doctor of Puer: E 
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4. The action of radiations available i in sun aud artificial visible light 


on aqueous solutions of the following amino acids in. presence. of colloidal 
MoO, and/or V,O, was studied:— 


Glycine, L-Alanine, L-Valine, L- jane acid, 
L-Glutamic acid and L-Tyrosine. 


3. Action of ultraviolet light on tyrosine in presence or absence of 
colloidal Fe,O,, MoO, or V,O, under present physico-chemical conditions and 
jas under nitrogen atmosphere was studied. 


Some of the significant results described in this thesis are as follows:— 


In all experiments completely sterilized solutions were studied to avoid 
any bacterial contamination. 


1. When sterilised aqueous solutions of E alanine, valine, lysine, 
aspartic acid, glutamic acid, tyrosine, tryptophane and histidine were exposed 
to sunlight and artificial light, it was noticed that two types of reactions took 
place simultaneously—photolysis of amino acids and formation of peptides. It 
was noticed that the photochemical action was more when exposure to sunlight 
was studied. Further, the rate of the action appeared, in general, to increase 
when sterilised solutions were kept in quartz flasks. No change in amino 
acid solutions was observed on keeping them in dark. 


2. The action of sunlight and artificial visible light (1000 watt bulb) 
was studied on sterilised aqueous solutions of glycine, alanine, valine, leucine, 
lysine, aspartic acid, glutamic acid, tyrosine, tryptophane and histidine in 
presence of sucrose employed as energy material. It was found that the photo- 
chemical action was of two types, namely photolysis of amino acids and forma- 
tion of peptides. It was observed that presence of sucrose as energy material 
appeared to enhance the rate of both types of photochemical actions in all 
cases studied. It was noticed that the rate of photolysis appears to be effec- 
ted more than the rate of photosynthesis - of peptides. . Artificial visible 
light was capable of synthesising only dipeptides in the mixture, whereas 
sunlight could carry the synthesis in certain cases upto tripeptide on 600 hours 
exposure in quartz flask. 


3. The effect of sunlight and artificial visible light (1000 watt bulb) 
on aqueous solutions of alanine, valine, leucine, lysine, glutamic acid, tyro- 
sine and tryptophane, each mixed with glycine, in presence of sucrose as 
energy material, was investigated. It was observed that the aqueous solutions 
of these amino acids mixed with glycine together with sucrose showed two types 
of simultaneous photochemical transformations—the photolysis of amino acids 
and the photosynthesis of peptides, It was observed that the photosynthesis 
of peptides was more when these mixtures of amino acids were irradiated and - 
dipeptides of dissimilar amino acids were formed more quickly in these mix- 
tures than the dipeptides of the same amino acids. “Photosynthesis of peptides 
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was favoured when the concentration of one amino acid was prominently high 
as compared to the other amino acid in the mixture. The concentration of 
peptides of dissimilar amino acids which were stable in solution increased when 
the period of exposure was increased and the concentration of the peptides 
of the same amino acids appeared to decrease. These photochemical changes 
appear to be dependent upon the temperature range at which exposures were 
carried out. The solutions kept in the dark remained unchanged. 


4. The action of sunlight and artificial visible light ( 1000 watt bulb ), 
employed as physical agents for inducing chemical combinations in amino 
acids such as glycine, glutamic acid, valine, aspartic acid and tyrosine in aqu- 
cous solutions separately and in presence of colloidal MoO, and V,O,, as pos- 
sible photosensitizers has been studied. Amino acids appear to undergo two 
types of reactions— photolysis and the formation of peptides. The oxide cata- 
lyst appear to enhance the rate of both these types of photochemical reac- 
tions in all cases studied. The effect of these photocatalysts appears to be 
practically similar. Only slight differences in the concentration of peptides 
and amino acids were observed in presence of different catalysts. Photosyn- 
thesis of peptides in presence of oxide catalysts was more when sunlight was 
employed as the irradiation source and the solution was kept in transparent 
quartz flasks. 


5. The action of ultraviolet light on aqueous solution of tyrosine in 
presence of colloidal MoO,, Fe,O, or V,O,, in the present physico-chemical 
conditions, and, separately under nitrogen atmosphere was studied. For com- 
parison, identical mixture of tyrosine with MoO,, V,O, and/or FeO, was also 
irradiated with sunlight and artificial visible light. In presence of oxide 
photosensitizers—the two reactions viz., photolysis and photosynthesis operate 
simultaneously. It was noticed that, in the case of exposure to ultraviolet, 
light, the rate of photolysis in the present physico-chemical conditions was 
slightly higher as compared to photosynthesis of peptides. The rate of photo- 
synthesis (ultraviolet exposure) appears to increase as compared to sunlight 
employed for irradiation. When tyrosine with or without oxide catalyst was 
irradiated under nitrogen atmosphere, the rate of the formation of peptides 
appears to increase as compared to the rate of photolysis. It was 
observed that at low temperature, the formation of peptides and photolysis of 
tyrosine were both slightly hindered. 


The formation of peptides do take place when pure amino acids with or 
without sucrose as energy material or with photosensitizers MoO,, V,O, and 
Fe,O, were irradiated with sunlight, artificial light or ultraviolet light but 
the rate of formation was different with different physical agents and the vessel 
(quartz or pyrex) employed for irradiation. 


. The control solutions kept in the dark were found unchanged in all cases 
studied, 
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The formation of peptides in the above type of experiments appear to 
depend on formation of free radicals as intermediates. 


"These studies have a significant bearing on the chemical origin of 
life. It is obvious that in any consideration of origin of life, the formation 
of peptides from amino acids must be an important step towards the formation 
of proteins leading to the evolution of the cell. The experiments described here 
clearly help in visualising the possibility of formation of peptides from amino 
acids, even in the present phyisco-chemical conditions of the earth. One 
néed not postulate a primitive atmosphere so far as the production of peptides 


from amino acids 1$ concerned. 


STUDIES ON THE ELECTROPHORETIC PROPERTIES OF PROTEINS, 
POLYSACCHARIDES AND THEIR DERIVATIVES* 


 INpu PRAKASH SAXENA 
Ghemical Laboratories, D. A. V. College, Kanpur. 


The first statements regarding use of ‘paper’ in electrophoresis are 
due to Paulo Kónig. These statements appear in his (Portuguese) publi- 
cation! (1937), where it is mentioned that he employed ultra violet absorp- 
tion for determining components separated electrophoretically. Together 
with Klobusitsky? he separated (1939) by paper ‘electrophoresis a yellow 
pigment from snake venom; this was the earliest electrophoretic separation 
for protein. Hence it is clear that paper electrophoresis is several years 
older than the modern form of paper chromatography, whose beginning is 
marked by the ‘Quantitative Analysis of Proteins : A Partition Chromatogra- 
phy Method using Paper’ (1944) by Consden, Gordon and Martin.® 


Important preliminary studies in this sphere then appeared in 1949, 
and as early as 1950 the value of paper electrophoresis was clearly demons- 
trated for the separation of mixtures of macromolecular substances. Later 
in the following years, the publication of results obtained by a number of 
workers in this field attempted to adds this process nearly from all 
sides. 


A Edi and large deposit of experimental data is now available in the 
literature regarding the electrophoretic process as utilised in the investigation 
of properties of different types of organic and inorganic chemical compounds. 
But the reports published so far mention very little amount of work regarding 
the role that the, material . of the paper plays in this process. It is not 
unreasonable to expect that different compounds would exhibit different 
ass behaviour on (paper of different chemical x a 


It hae been our intention in this investigation to remove this kue 
A series of experiments, therefore, was carried out using a variety of 
papers to determine whether any difference in electrophoretic behaviour of- 
the migrant could be observed which might be attributed to the nature of 
' paper surface. o | | 

The present work, keeping in dew the above mentioned intention has 
been classified as follows: 

(1) Comparative study of electrophoretic behaviour of: 

(a) Sugars, 


Doctor of Philosophy in Chemistry. 
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(b) Amino acids, 
(c) -Organic acids,. and 
(d) Indicators. 


(2) Study of the effect of variation in the hature of paper used in 
the process' for the above substances. | 


(3) Study of effect and application of modified .paper on some pro: 
teins and. poner cnanees: ! 


The following physico-chemical studies have been mide for fae SURE 
organic compounds and the paper utilised. | 


(1) Jonic mobility : 


Kunkel and Tisclius* are supposed to have put forward a complete 
‘theory advanced so far on dd bort Sig: 


In free solution the mobility U is : o 
| U= (we FNS a pte dex A Vv = (1) 
- where v is the velocity and X the field strength. | 


"Expressing this in the quantities usually raeasured on the paper: 
d:l So aol 

U= Py es a so “Hee ede hee Ee Ear 44) 

“here di is the distance, V the voltage, | the length of the paper and [ the 
time; or | 
dq K E" 

M 2: iu. mE dex sees OU. e e 9] 

where q is the T area, K the conductivity, i the current ánd t 

the time. 


The ionic mobilitiés (cm*/V. sec. x 10%) of compounds on, the different 
papers have been calculated on the basis of equation (2). 


e 


(2) Isoelectric potnt : 


It may be defined as a pH at which the molecule carries no charge, 
To locate these points curves showing the behaviour of different compounds 
have been drawn between mobility and pH value. 


(8) M valus: 

The relative rate of movement of the sugars is expressed as the Ma 
— where 
Distance of migration of substance 


“a ~ True distance of migration of D-Glucose 
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(4) Absorptive power : 


About 20 ml. of water were taken in a tube and weighed. A paper 
strip (315 cm.) was cut and placed in that tube. This strip was allowed 
to stand vertically for six minutes. Some quantity of water was absorbed. 
The quantity absorbed in milligrams per minute by different types of paper 
indicated their. absorptive power. 


(5) Degree of acetylation : 


It expresses the amount of acetic acid present per unit weight of 
paper and has been calculated only in case of acetylated papers. 


The apparatus utilised in the laboratory for the present study was 
similar to that of Kunkel and Tiselius.4 _ The paper strip was clamped between 
glass plates (41:0 16°5 cm.) supported on two electrode vessels (18 x 16*7 X 
6 cm). The two ends of the strip dipped.into the buffer placed in the 
above mentioned vessels. This apparatus was placed in series in both low 
and high voltage circuit according t to the need. 


m 


About 39/ solution of different "ed besides a few was prepared 
in each case. This solution was applied on paper strips by means ofa 
capillary. The strips were then dried and placed for the electrophoretic 
run in the above mentioned apparatus. After some time they were with- 
drawn, dried, stained and finally dried at a suitable temperature in oven. l 


The paper electrophoretic properties (distance of migration, ionic 
mobility, isoelectric.point and Ma value in case of sugars only) of substanccs 


mentioned previously” > were studied on the following different types of 
paper. . 


1. Untreated paper — (a) Whatman No. 1. 
| (bd Hand made. 
2. Modified paper — Acetylated. 
3. Impregnated. — (a) Alumina. 
— (b) Silicic acid. 
4, Ion inclusion — (a) Quinine 
| (b) Brucine. — 
5. Ion exchange — Resin treated. 


It has been observed that the mobility of the same migrant was 
different on papers of different nature. This process, probably, can 
no longer be regarded as analogus, in a limited sense, to Tiselius cell as 
suggested by previous workers who have hardly noted any difference in the 
electrophoretic behaviour of different compounds on different types of paper. 


For instance, glucose which cannot be separated from xylose, arabinose, 
galactose, sorbose and fructose at a certain pH value on whatman No, | 
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might be separated from the above sugars at almost the same: pH value 
on hand made paper. Rhamnose - and cellobiose, which travel with equal 
mobility on whatman No. | at a certain pH range, might be separated from 
one another as well as from the remaining sugars migrating in the opposite 
direction on quinine treated paper at about the same pH range. The sepa- 
ration of glucose and fructose is possible on different papers at different pH 
values. . But on alumina and silicic acid impregnated paper or quinine and 
resin treated paper, these two travel Spee with a wider difference in 
mobility at certain pH value. 


It has been observed that:almost on all types of paper studied 
glutamic acid travels nearly as fast as aspartic acid and as such their sep- 
aration from one another does not appear to be easy. But on quinine treated 
paper the former may be observed to. be stationary while the latter moving at 
fairly a high mobility. On alumina impregnated paper, these two acids are 
observed to be stationary at the pH range 2:6-7:4. This fact which is not 


bserved on other types of paper can be utilised in their separation from 
other amino acids, 


Guide treated papers appear to be comparatively a better material 
for separation of both the types of ions migrating towards anode and cath- 
ode. In addition to this, compact spots of different substances are reveal- 
td on this paper. 


A comparative study of protein of egg white of hen, duck and guinea 
fowl was made on quinine treated and whatman No, 1 paper. It was 


observed that protein obtained from egg white of duck was composed of 
two parts one migrating towards anode while the other. towards 
tathode at pH 6:1 and 7:5. This fact was not observed on whatman No. I. 
similarly at pH 7:5, protein obtained from egg white of guinea fowl could 
be separated on quinine treated paper more distinctly than on whatman 
No. 1. The egg white protein of hen migrated into two parts, one heading 
towards anode while the other towards cathode on the above treated paper. 
But on whatman No. | it migrates. as one part in one direction. 


The above observations show that better separations of different types 
of compounds are possible by ordinarily known paper electrophoretic methods. 
"This process can be developed as a newer analytical tool for purification 
and identification of different compounds. ' 
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STUDIES ON THE PATHOLOGY OF AVIAN LEUCOSIS COPLEX* 


e 


| R. P. AWADHIYA 
Department of Pathology & Bacteriology, 
U. P. College of Veterinary Science and Animal Husbandry, Mathura. 


Investigations were undertaken to find out the occurrence of avian 
leucosis complex and also to study the pathology of the various forms of the 
condition encountered in the Poultry Farm at U. P. College of Veterinary 
Science and Animal Husbandry, Mathura. Attempts were also made to a 
limited extent to study the susceptibility of “Desi”? fowls to avian leucosis 
complex by experimental studies. 


The tissues were collected from liver, spleen, kidneys, lung, heart, in- 
testine, pancreas, ovary, testes, sciatic nerves, brachial plexus and bone 
marrow of radius from the birds which wcre submitted for the routine post- 
mortem examinations conducted in the Pathology and Bacteriology Deparment 
and showed gross lesions of avian leucosis complex. The report on the 
incidence of avian leucosis complex was prepared for a period of five years 
from January 1955 to December 1959 from the post-mortem records conducted 
in the Department of Pathology and Bacteriology. The chickens of indigenous 
(Desi) breed which were raised by hatching eggs of Desi fowls were utilized 
for the experimental transmission trials. ' 


The lesions in 47 natural cases of avian leucosis complex were classified 
on the basis of the histopathological examination, as Visceral lymphomatosis 
(37), Myeloid leucosis (5), Erythroleucosis (1), Erythro-myeloid leucosis (1), 
Ocular lymphomatosis (1) and Osteopetrosis (2). 


The lesions of visceral lymphomatosis were categorised as diffuse and 
nodular types. The lesions of diffuse type were characterised by great 
enlargement of the various organs particularly spleen and liver with or with- 
out the presence of grey foci. Histopathological examination of the lesions in 
such cases revealed extravascular massive accumulation of large mononuclear 
cells having large nucleus with a little chromatin material mainly located 
at the nuclear membrane. The lesions of nodular type of visceral lympho- 
matosis were characterised by the presence of a few large tumour nodules 
without much enlargement of the affected organs. Histopathology of such 
lesions was characterised by extravascular accumulation mainly of the lymyho- 
cytes possessing condensed chromatin material in the nucleus and relatively 
large cytoplasm. 


* An abstract of the Thesis submitted as a partial fulfilment of the requirements for the 
degree of M.V.Sc. (Vet. Sc.) in Pathology of Agra University. 
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The percentage of the yearly incidence of avian leucosis complex at the 
College Poultry Farm ranging from 1955 to 1959 was 1:732, 1:131, 3:032. 
0-948 and 4-082 respectively. Amongst the various manifestations of the 
condition, visceral lymphomatosis was found to be more common. 


The disease was successfully transmitted in 8 out of 45 young “Desi” 
chickens which were inoculated intraperitonially with 0:2 cc of 5% cellular 
tissue suspension of liver, spleen and kidney from the bird that died of visceral |. 
lymphomatosis. i | 


The early lesions of visceral lymphomatosis that were experimentally 
produced were also studied histopatbologicall. Examination of such lesions 
in the spleen revealed fhe formation of multicentric tumour foci which were 
composed of densely packed large mononuclear cells and lymphocytes. In 
the more advanced stages of the condition large tumour foci were noticed. 
In the liver the early lesions of visceral lymphomatosis consisted of minute 
tumour foci particularly in the portal triad areas. 


The histopathological studies of the lesions of visceral lymphomatosis 
in the early as wellas in advanced stages of the condition indicated that 
minute tumour foci in the early lesions increase in size by progressive 
accumulation oflymphocytes and large mononuclear cells and very large 
tumour foci may be produced replacing most of the normal parenchyma. 
Two or more tumour foci may also fuse with each other. 


The various implications of the’ problem and necessity of carrying out 
further research work particularly under Indian condition are discussed. - 


‘STUDIES ON THE PATHOLOGY OF URINARY SYSTEM 
OF BOVINES WITH SPECIAL REFERENCE TO UROLITHIASIS* 


G. C. MOHANTY 


Department of Pathology ES Bacteriology, 
U. P. College of Veterinary Science & Animal Husbandry, Mathura. 


The present investigation was conducted to study the urinary diseases 
of cattle and buffaloes with regard to haematology, urine analysis, chemical 
analysis of whole kidney, partial chemical analysis of uroliths, bacteriological 
examination of kidneys ard pathological changes in these cases. 


Haematological analysis of blood for estimation of specific gravity, 
haemoglobin (Hb), erythrocyte sedimentation rate (E.S.R.), total R.B.C. 
count, total W.B.C. count, differential count, packed cell volume (P.C.V.), 
mean corpuscular volume (M.C.V.), mean corpuscular haemoglobin (M.C.H.) 
and mean corpuscular haemoglobin concentration (M.C.H.C.) was done on 
73 male buffalo calves and no haematological variations were observed in 
relation to affections of urinary system. 


Physical urine analysis was conducted in 40 buffalo calves for specific 
gravity, presence of bile, sugar, urobilinogen, albumin, casts and sediments. 
The specific gravity was found to be high in 32 out of 40 animals which 
showed specific gravity above 1*050. Mild to heavy proteinuria was observed 
in 33 out of 40 calves, the cause of which could not be ascertained. 


Chemical analysis of whole kidney from 50 buffalo calves was conduc- 
ted in collaboration with Department of Animal Nutrition. The average 
weight of fresh kidneys was found to be 123:95 grams with a variation of 
70:02 to 176:06 gm and the average moisture percentage was found to be 
82:27 without much variation. The calcium content varied from 7:8 to 64:6 
mg. per 100 grams of fresh kidney. The content of calcium was found to- 
be high in majority of kidneys showing nephroliths which was suggested to 
‘have some bearing on the etiology of urinary calculi. The low calcium 
content in the kidneys of 10 animals showing visible calculi was suggested 
to be probably due to presence of these salts in combination with some 
polysaccharide complex. 


. Urolithiasis was found to be about 89% in aged animals out of 532 and 
about 49% out of 171 buffalo calves examined during this study in Mathura 
and neighbouring areas. Chemical analysis of stones in collaboration with 
Department of Animal Nutrition and Animal Physiology revealed the average 
percentage of calcium, magnesium, phosphorus and nitrogen to be 12:135, 





* This is an abstract of the thesis submitted for the degree of M. V. 8c, (Vet.Sc.) in 
Pathology of the Agra University in 1961. 


180 AGRA UNIVERSITY JOURNAL OF RESEARCH [Vol, XII 


2:322, 0:096 and 0:210 respectively with heavy amounts of carbonates. The 
possibility of high incidence of uroliths in Mathura-Agra area has been 
related to the presence of calcium (3:3 mg. to 80 mg. per ml. of water) in 
waters of some of the localities of this tract. 


The study of gross pathological lesions was made in 711 cases from 
cattle and buffaloes of different age groups. Out of these, 232 cases were 
_histopathologically examined. 


The deparaffinized sections of 5-7 microns thick -were. stained by 
routine Haematoxylin and Eosin method. Mallory’s Aniline blue stain for | 
connective tissue and hyaline; Trichrome stain of cajal for connective tissue; 
Vankossa's silver nitrate stain for calcium; Levaditi’s and Dobell’s modifica- 
tion of Levaditi’s method for leptospira and Maccallum Good-pasture stain 
for the demonstration of gram positive and gram negative organisms were 
used wherever felt necessary. Histopathologically, 188 cases showed various 
types of lesions in kidneys, ureters and bladders. 


Eighteen cases of subacute interstitial nephritis were encountered and 
out of these 6 cases showed greyish white faci on the kindney surface. 
Attempts failed to demonstrate leptospira and other organisms. Further 
work has been suggested regarding the etiology of this condition. 


Focal chronic interstitial nephritis was found to be common in kidneys 
showing nephroliths and cysts (71 out of 232 cases examined). ` 


Two cases of congenital polycystic kidneys and 49 cases of retention 
cysts have been described. - One case of tuberculosis and a case of actinoba- 
cillus infection of the kidneys were observed for the first time in this country. 
A case of well differentiated villus papilloma of urinary bladder was recorded 
from a cow. l 


Seven cases of ureters out of 123 cases studied showed subacute 
ureteritis with infiltrations of lymphocytes, macrophages and plasma cells in 
lamina propria, etiology of which could not be determined. 


Bacteriological-examinations of kidneys from 44 buffalo calves revealed 
the presence of diphtheroids in 6. cases without any significant pathological 
lesions. Out of these, two were C. bovis, two C. equi, one C. renale and one 
resembled to C. renale in some characters. The presence of these organisms 
in normal kidneys has been suggested. 


'A MONOGRAPHIC STUDIES OF CYPERUS ESCULENTUS* 


|. RADHEY SHIAM 
School of Plant Morphology, Meerut College, Meerut. 


The present investigations comprise detailed ‘Monographic studies 
of Cyperus esculentus. This includes some important informations parti- 
cularly about its distribution, economic importance, growth habits, tuberiza- 
tion and ontogenetic studies of different organs of the plant such as root, leaf 
and flowers. Besides that a general account of the underground vertical 
axis, stolons, tubers, root, leaf, culm, inflorescence and flower has also been 
written. A part of embryology has also been done. ' 


Cyperus esculentus is an erect, glabrous, annual herb and propagates vegeta- 
tively. Its growth habits are interesting as it propagates with the help of 
tubers. The tubers sprout from their terminal ends under favourable condi- - 
tions and produce the underground vertical axis of the plant. The vertical 
axis produces the stolons and roots under the soil and leaves and culm above 
the ground level. | 


Three types of behaviour “are exhibited by stolons. In one type they 
elongate very much and grow more or less horizontally to the soil surface 
and produce satellite plantlets at their tips. In second type the stolons which 
go deeper into the soil, swellat their tips to form the tubers that perennate 
in the winter and sprout only in the next season when the environmental 
conditions are favourable. In the third type the stolons that arise at an 
angle of less than 459 from the soil surface preduge small tubers that may 
sprout in the same season. 


The underground axis of Cyperus esculentus consists of (a) a vertically 
growing portion developing directly from the apical bud of the tuber and 
bearing foliage leaves and culm and (b) stolons running horizontally or 
obliquely away from it and bearirg only the scale leaves. Both the structures 
show the anatomy of a typical monocotyledonous stem. | 


The growing points of the vertical axis and the stolons are dome- 
shaped structures. They consist of a group of undifferentiated meristematic 
cells which are roughly demarcated into a two-layered tunica covering a 
central mass of corpus cells, 


The tubers are underground, solid, thickened, unbranched, perennial 
structures, which are formed at the tips of stolons and serve as a storage of 
reserve food. They also show the anatomy of a monocotyledonous stem. The 
cells of the tubers are full of starch grains. The tubers are formed by the 


a 
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enlargement of the cortical and medullary cells of the stolon tips. -The 
transition from stolon to tuber is very gradual. What factors determine 
tuberization have not been studied so far. But light intensity, temperature 
and amount of water available seem to play an important. role in this 
connection. | 


Like other monocotyledons Cyperus esculentus has an adventitious root 
system. Roots show a polyarch structure with a sclerenchymatous hypodermis. 
In their ontogeny the root primordia develop in early stages of axis formation.. 
They develop from a group of small initial cells which appear to be formed 
by irregular divisions in the ground parenchyma - of the vertical axis. The 
root apex shows three sets of initial cells. One set forms the root stele, the 
second protoderm-cortex and the third calyptrogen. The structural configu- 
ration at the root apex thus falls under the Type two of Esau (1953). 


The leaves of Cyperus esculentus are differentiated into a small sheathing 
leaf base, and a long linear blade with a pointed tip. The lamina is grooved 
and presents a ‘V’-shaped structure. The silica cells are characteristic in. 
having conical silica depositions that have crescentic outgrowths at the bases. 
Large longitudinal air canals run throughout the leaves and are interrupted. 
at irregular intervals by horizontal diaphragms. 


The leaves originate from a.group of initial cells of the superficial cells of 
tunica. To begin with, every cell of the leaf primordium is metristematic but 
later on the basal most cells mature first and the tip remains meristematic. 


The inflorescence axis or the culm is distinguished by its considerable 
length and triangular outline, It is exceptionally straight and does not show 
any branching. It presents a “Y” shaped structure in cross-section. Like 
leaves in it also run the longitudinally running collateral vascular bundles. 


Diaphragms are specially characteristic of leaves, but occur in the culm 
also. The structure of diaphragms varies as they may be one to several layers 
thick, the cells may vary from polygonal to stellate. They are always 
supported by a cross-bundle that connects the two longitudinally running 
bundles of the leaf or culm. Diaphragms arise by a division of the ordi- 
nary parenchymatous mother cells. 


Inflorescence is in the form of an umbellate, peduncled spike composed 
of a large number of leafy bracts, prophylls, peduncles and. spikelets. There 
is one prophyll in each spikelet. There are two empty scales at the base of. 
each spikelet. The lower of these empty scales is a reduced leafy bract from 
the axil of which the ray or the peduncle arises. The upper empty tubular 
scale sheath has been regarded as the prophyll. | 


Spikelets are spindle shaped structures and bear a number of glumes 
in the axils of which are present the flowers. The flowers arẹ of two types, 
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hermaphrodite and pistillate. Either all the flowers are hermaphrodite in a 
spikelet or when mixed, the pistillate at the base and hermaphrodite near 
the apex of the spikelet. They are spirally arranged. 


Each hermaphrodite flower has 5 to 6 perianth lobes, three stamens 
and a tricarpellary gynoecium. In pistillate flowers the stamens are replaced 
by staminodes. 


Ontogenetic studies reveal that the cells of the apex of the spikelet, 
in Cyperus esculentus, are arranged in a two layered tunica covering a central 
corpus. The outerand inner tunica layers have differently been termed 
as dermatogen and hypodermis. Periclinal divisions in the hypodermal cells 
and subsequent divisions in the dermatogen give rise to the glumes and 
carpels. Periclinal divisions in the hypodermis form the stamens. Termino- 
logy of Barnard (1957) has been followed. 


In the flowers the perianth members: are regarded as true perianth 
which do not have any vascular supply. The stamens are three arranged in 
the outer whorl. 


The structure of carpel is normal and is composed of a tricarpellary ovary 
with a single basal ovule, a dilated style and a trifid stigma. The single basal 
ovule because of its central pósition and compound vascular supply is believed 
to have been derived from a free-central ancestry and as such offers support 
to Blaser's view (1941). 


The present observations on the embryology reveal that in the microspo- 
rogenesis the spore mother cell divides reductionally to form four nuclei. Out 
of these four microspore nuclei, the three degenerate completely while the 
fourth forms the functional microspore nucleus. There is no septum formation 
for separating these degenerating:and functional microspores, The pollen 
grains are tenul-exinous. 


A single-hypodermal archesporial cell differentiates in the early onto- 
geny of the ovule formation. It divides into a parietal cell and a megaspore 
mother cell. The development of the embryo sac is Polygonum type. The 
number of antipodals is three and they are linearly arranged. 


I have the pleasent duty to express my gratitude to my respected 
teacher Prof. V. Puri, D. Sc., F.N.I., for his valuable guidance, generous 
help, encouragement and unfailing kind-interest in the problem throughout, 
which has made this work possible. Thanks are also due to the authorities of 
C. S. I. R. for the grant of a Junior Fellowship during the tenure ‘of which 


this work was done. 
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- STUDIES ON THE ACCESSORY REPRODUCTIVE GLANDS 
OF SOME HELMINTH PARASITES OF DOMESTICATED LIVESTOCK* 


G. SUBRAMANIAN 
- Post-Graduate College of Animal Sciences, 
Indian Veterinary Research Institute, Izatnagar, U. P. 


This thesis embodies the results of the investigation into the histochemi- 
cal nature and functional morphology of the accessory reproductive glands - 
of five species of helminths. The nature and mode of formation of the 
protective envelopes around the eggs in these parasites has been studied by 
histochemical methods. 


The Mehlis' gland cells and the vitelline glands are associated with the 
egg producing genitalia in most of the trematodes and cestodes. Mehlis’ or 
"shell" gland was originally believed to secrete the egg-shell or capsule in . 
the trematode egg. The vitellaria in the trematodes and pseudophyllidean - 
cestodes are now known to provide the bulk of the egg-shell precursors (Smyth 
& Clegg, 1959). The completed egg-shell in some of the trematodes and 
pseudophyllidean cestodes has been shown to be a quinone-tanned scleropro= ` 
. tein (Stephenson, 1947; Smyth, 1956; Smyth & Clegg, 1959). 


Although the Mehlis' gland cells do not' provide any material for 
egg-shell formation, its location around the ootype is suggestive of some 
physico-chemical relationship with the process of egg-shell formation. Rao 
(19592, 1959b, 1960b) has recently suggested that the Mehlis’ gland secre- 
tions are responsible for the extrusion of the shell globule matter from the 
vitelline cells. 


In the present work, the histology and  histochemistry of the female 
genitalia in the trematode Gastrothylax crumenifer (Creplin, 1847), the cyclo- 
phyllidean cestodes Moniezia expansa Rudolphi, 1810, Avitellina Gough, 1911, 
and Stilesia globipunctata Rivolta, 1874 and the nematode Ascaridia galli | 
Schrank, 1788 have been:studied. In all, thirty histochemical and staining 
reactions have been applied and the observations are summarised in tables 
1 to 6 and analysed in detail in the text. 


The Mehlis' gland cells in G. crumenifer and M. expansa show close 
resemblance and they give positive tests for carbohydrate-protein complexes, 
unsaturated fatty acids, and ribonucleic acid or ribonucleoprotein. 


In G. crumenifer, the following three important physico-chemical pro- 
cesses occur in the ootype region : 


* Abstract of the thesis submitted to Agra University in fulfilment of the requirement of the 
degree of Doctor of Philosophy, 
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1. There is extrusion of the egg-shell precem and their physico- 
chemical reorganisation ; 


2. Simultaneous release of the vitelline granules from the shell globules 
prior to the extrusion of the latter; and 


3. Chemical changes occur in the contents of the vitelline cells when 
they are included ina fully formed egg. 


It has been shown that the Mehlis’ gland secretions are responsible for 
bringing about the above mentioned changes. Furthermore, it has been 
demonstrated that a part of the Mehlis' gland secretions is also incorporated 
into the egg-shell. 


i 


There is evidence that there is lysis of the shell globules inside the 
vitelline cells prior to their extrusion into the ootype. After their release, 
the shell globule matter agglutinates into a refringent mass which forms the 
egg-shell. The globules are fibrin or fibrinoid type of protein spheres. 


Soon after the egg-shell is formed, the shell- material loses its basophilia 
indicating that the protein end groups are blocked. The surficial layers of 
the egg-shell at the same time become positive for unsaturated lipids, although 
this component is not evident in the shell globules. There is no evidence of 
“‘keratinisation” _ disulphide (SS) linkages) in the protein moiety of the 
egg-shell.  . 


The phospholipid-like secretions of the Mehlis’ ind cells are absorbed 
into the vitelline cells when these reach the ootype. While within the 
vitelline cells, these secretions cause extrusion of the shell ‘globule matter 
through a lytic type'of reaction. Rao (1959b) did not indicate the location 
of the lysolecithinase type of enzyme. As it is improbable that the enzyme 
and its substrate (Mehlis' gland secretions) are secreted by the same glandular 
cells, it is suggested that the lysolecithinase is contained within the vitelline 
cells. The interaction between the lecithin type of secretions of the Mehlis' 
gland cells and lysolecithinase produces lysolecithin. The latter causes lysis 
of the shell globules, During lysolecithin formation, an unsaturated fatty 
acid component is also liberated (Zeller, 1951). This unsaturated fatty acid 
is presumably incorporated into the shell globule matter and this mass permea- 
tes into the lumen of the ootype due probably to osmotic imbalance. 


With the extrusion of the shell globule’ matter, the lysolecithin in the 
vitelline cells interacts with the vitelline granules and the resulting product is 
strongly PAS, PAAS, nile blue and Sudan Black B positive, thus showing it 
to be an unsaturated lipid and serving as the reserve food material during 
embryonation. i 


In M. expansa, the vitelline cells do not produce any egg-shell precursors 
and hence substrates similar to those of G. crumenifer are not present. Conse- 
quently, the Mehlis’ gland secretions have no apparent function in the forma- 
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tion of the protective envelopes of the egg-cells. From these observations, it 
is concluded that the Mehlis’ gland cells in M. expansa are vestigial structures. 


The uterus in M. expansa and the uterus and paruterine organ in 
. Avitellina sp. and S. globipunctata, provide the protective envelope,'the chorion, 

to the egg-cells, in addition to giving nourishment and protection duum 
embryogeny. The chorion originates from cellular elements and secretions 
of the uterus in M. expansa and in the paruterine organs in Avitellina sp. and 
S. globipunctata. There is reorientation, aggregation and stabilisation of the 
fibrillar elements and secretions. The chorion is composed of collagen and 
fibrin in M. expansa and collagen and elastin in S.globipunctata and Avitellina 
sp. The protein moiety of the chorion is stabilised by disulphide (SS) linkages 
(“keratinisation”). 


In addition to the chorion, the mature “egg” of these cyclophyllidean 
cestodes is provided with a second protective envelope, the embryophore, 
which originates endégenously from a few micromeres of the developing 
embryo. The embryophore is composed, of elastin type of scleroprotein which 
is stabilised by disulphide (SS) linkages (‘“‘keratinisation’’). 


Gough (1911) reported the presence of nutritive cells in the ovary of 
Avitellina centripunctata but in the present investigation, no such cells could 
be identified by histochemical methods in Aotiellina sp. and S. globipunctata. 
The present study, however, confirms and extends the observations of Gough 
(1911) regarding the presence of nutritive elements in the uterus, 


In A. galli, the reserve material is present in mature oocytes which 
following fertilisation, undergoes physico-chemical reorganisation to form the 
egg-shell. The reserve materials give positive tests for protein-carbohydrate 
complexes, glycogen, ribonucleic acid and lipids. The fully formed egg- 
shell is composed of a reticular framework of elastin type of scleroproteins and 
whose intermeshes are filled with acetylated chitin. This acetylated chitin 
is negative to PAS reaction but is positive when first formed due to its being 
non-acetylated in the beginning. The surficial layers of the egg-shell show 
the presence of protéin-carbohydrate complexes and lipids, and the enclosed 
reticular matrix making up the thickness has chitin components. The evidence 
for quinone-tanning of the surficial layers is not conclusive. 


sesa 
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THE PHENOMENON OF SUPERPARASITISM IN TRI CHOGRAMMA 
EVANESCENS MINUTUM RILEY AND BRACON 
GELECHIAE ASHMEAD* 


. M. J. Ggackof 
Indian Agricultural Research Institute, New Delhi— 12. 


A good deal of controversy exists about the usefulness of Trichogramma 
evanescens minutum in the biological control of insect pests. The objections 
raised against this parasite areits limited range of operation, its random search 
for hosts, and its non-specificity. 'The author's! own earlier observations have 
led him to believe that possibly superparasitism which occurs when Tricko- 
gramma is mass-multiplied and which affects the fecundity and longevity of 
this parasite is another important factor that limits the efficacy of Tricho- 
gramma in the biological control of insect pests. Very little information is 
available on the fecundity and longevity of Trichogramma that emerge from 
superparasitised host eggs. The present investigation was, therefore, under- 
taken to study the effect of superparasitism on these aspects. Superparasitism 
also occurs when Bracon gelechiae is mass-multiplied in the laboratory. Studies 
on the effect of superparasitism in this parasite have also been made. 


For experiments on Trichogramma two different strains, viz., ‘IARI strain’ 
(from the culture maintained at the Parasite Laboratory of the Indian Agri- 
cultural Research Institute), and ‘Ajmer strain’ (obtained from eggs of Chilo 
zonellus Swinhoe, collected on jowar at Ajmer), and the crosses between them 
(IARI male X Ajmer female, and Ajmer male X IARI female) were used. 
The fecundity and longevity of the following have been studied iù detail :— 


l. Trichogramma that develops singly in an egg (of Corcyra cephalonica 
Stainton) without any superparasitism. - i 

2. Apparently normal female Trichogramma that develops along with an 
apparently normal male in the same host egg. 

3. Apparently normal female that develops along with another appa- 
rently normal female in the same egg.- 

4. Defective female that develops along with a defective male in the 
same egg. l i 

‘5. Defective female that develops along with another defective female 
in the same egg. 


* Summary of a thesis accepted for the Ph. D. degree of Agra University. 
T Present address : Commonwealth Institute of Biological Control, Indian Station, 
Hebbal, P. O., Bangalore—6. 
|. Narayanan, E.S. € Chacko, M. J.—Superparasitism in Trichogramma evanescens 
minutum Riley (Hymenoptera : Trichogrammatidae), an egg parasite of sugarcane 
and maize borers in India. 1. Effect of superparasitism. Proc. Ind. Acad. Sci., 
XLV, No. 3, Sec. B. 1957 : 122-128. 
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These studies were made for the two different strains as well as for the 
crosses between them, and for three successive generations (except in 4 and 
5 where no defective second generation was procured). Eight replications 
were made. Separate cultures of the two different strains and the crosses 
between them were maintained. Each culture was started from a single pair 
and only the progeny of this have been used for experimental purposes. 


A separate culture of Bracon gelechiae was started from a single pair from 
the culture maintained at the Indian Agricultural Research Institute for 
studies on this parasite. The development of 4 or 5 specimens of B. gelechiae 
on a fully developed larva of Corcyra is normal. In order to find out the 
effect of superparasitism 4, 6, 8, 10,12 and 14 eggs were allowed to start 
development on a single host caterpillar and the fecundity and longevity of 
three successive generations were studied. Eight replications were made, | 
Studies were also carried out to find the effect of superparasitism on develop- 
ment, emergence, sex-ratio, developmental period, and size. - 


AU the experiments were conducted at a temperature of 25°C and at a 
relative humidity of 75%. 


OBSERVATIONS AND CONCLUSIONS 


Trichogramma evanescens minutum. It is evident from the data obtained 
during the course of the present investigation that superparasitism has a very 
-adverse effect on the fecundity and longevity of this parasite. When Tricho- 
gramma develops singly in an egg of Corcyra it gets sufficient nourishment which 
enables it to emerge as a normal adult. Its fecundity and longevity are not 
impaired. ‘There is no marked difference in‘the fecundity or longevity from 
generation to generation if the development continues to be normal. How- 
ever, a reduction in fecundity and longevity is observed when two apparently 
normal parasites are produced from one host egg. When two parasites deve- 
lop together in a host egg the amdunt of food available within the host is 
shared by the developing parasites, with the result that neither of them gets 
sufficient nourishment to become a normal adult. This, undoubtedly, affects 
‘the longevity and fecundity which are reduced. And the reduction is main- 
tained in the succeeding generations (if two parasites develop together). An 
interesting observation is that when superparasitism occurs and when the 
two parasites that deyelop together belong to the opposite sexes, then the 
fecundity is legs than that of any of the two females that develop together. 
“It is possible that the males have a quicker rate of food intake than the 
females. Therefore, a female that develops along with a male gets lesser 
food than either of the females that develop together, because in the latter 
- case the two developing females share the food more or less equally. This 
may account for the higher fecundity of the females that develop together. 
Whenever superparasitism occurs with the production of defectively formed 
adults, there is a distinct reduction in the fecundity and longevity. Probably 


le , 
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more than two parasites start sharing the food initially, with the result that 
the two survivors do not get even as much food as the two that start sharing 
the food initially. It has also been observed that the fecundity and longevity 
of the Ajmer strain are considerably less than those of the IARI strain. 
Probably this is owing to the fact that the Ajmer strain was originally obtain- 
ed from the eggs of Chilo zonellus and have not become quite adapted to 
the eggs of Corcyra whereas the IARI strain has been adapted for years to 
development in Corcyra eggs. The fecundity of the cross IARI male X Ajmer 
female is higher than that of Ajmer male X IARI female. The combined . 
fecundity of two parasites that develop in a host large enough for one is found 
to be less than that of one developing in a host. 


It is clear from the above that the ill effects of superparasitism have 
a direct bearing on the efficacy of Trichogramma as a biological control agent. 
In the laboratory breeding of this parasite superparasitism inevitably occurs 
and when such parasites are used for the control of insect pests we can hardly 
expect any success. Therefore, for the laboratory rearing of this parasite it is 
necessary to develop a method whereby the incidence of superparasitism can 
be lessened, if not avoided altogether. 


Bracon gelechiae. Superparasitism has an adverse effect on the fecundity 
and longevity of this parasite also. As the number of parasite grubs that deve- 
lop on an individual Cercyra larva increases, the amount of food available is 
shared by the developing parasites and thus the grubs are deprived of their 
normal food requirements. When 6 or more grubs develop on a host the 
fecundity and longevity ofthe adults are significantly less than those of 4 that 
develop on a host. When 6 to *10 parasites develop on a host, there is no 
significant difference between their fecundity or betweeií their longevity; 
however, the reduction in fecundity and longevity when 12 to 14 develop on 
a host is significant, It has been observed that the maximum number of 
parasites that completes larval development and emerges successfully is never ` 
more than eight. Since several of the grubs do not complete development 
superparasitism results in a wastage of progeny. When there is heavy super- 
parasitism, some grubs are pushed aside resulting in their death, others that 


apparently complete larval development do not form a cocoon; some that 


succeed in pupating do not emerge, while others emerge as ‘runts’, As 
a result of superparasitism a preponderance of males has been observed; the 
percentage of males varies from 35:48 when 4 parasites develop on a host, 
to 78:72 when 12 develop on a host, Similarly the developmental period 
increases from 9:63 days when 4 develop on a host, to 13:63 days when 12 
develop on a host. In B. gelechiae dwarf forms are produced only very 
rarely when superparasitism occurs. | 


i 


These effects of superparasitism on fecundity, longevity, development 
and emergence, sex-ratio and developmental period are factors that play an 
important role in the successful propagation of this parasite in the labo- 


SOLID STATE SPECTRA OF URANYL SALTS* 


` DevAxI NANDAN PANDET 
Physics Department, D. S. B. Govt. College, Naini Tal. 


The uranyl ion (UO,t*) is mainly responsible for the fluorescence and 
absorption of uranyl salts. A given salt, however, sometimes shows -changes 
in its spectrum and some new bands besides the usual ones occur depending 
upon the conditions of preparation of the various samples. These are obviously 
due to some impurities in the bulk material. The nature of these impurities 
has not been studied in the past. In solutions uranyl salts are known to 
undergo hydrolysis and complex formation with anions with corresponding 
changes in their spectra. It is, therefore, likely that some of these new 
Species are stable in the solid state also and thus may act as impurities. 


The fluorescence and absorption spectra of the various samples of uranyl 
chloride, prepared under various conditions, have been investigated at —185°C 
and also with rising temperature. Evidence has been found for three distinct 
stable species in the solid state. The species (S, S, and Sj) have been 
isolated and the conditions under which they are formed are specified, In 
sample S,, obtained from acidic solution of the original salt, UO,++ ion 
probably exists as such and gives the usual secies of bands B, C, E etc. The 
first hydrolysed product S,, obtained as a precipitate from concentrated 
aqueous solutions at about 8°C, gives new sets of bands D etc., resembling the 
Y* bands of alkaline solutions reported by earlier workers. The higher 
hydrolysed product S, was obta#red after evaporation of aqueous solution 
of the original salt at 120°C. It gives new B’, QC’ series of bands resem- 
bling the 38 bands of solutions, These products are generally present. 
as impurities in the various samples. Relative to the (0, 0) band of 
S, those of S, and S, are shifted to the red by 200 and 1315 cm”! 
respectively. The vibrational intervals of S, and S4 are smaller by 26 and 
70 cm~! respectively in comparision to that of S,. In absorption the intervals 
for the hydrolysed products are again smaller than for the normal salt. The 
temperature variation of the fluorescence intensity of these hydrolysed products 
in solid state resembles closely the behaviour in solutions and intensity falls 
rapidly with rise in temperature. oM 

The acetate also gives hydrolysed products like chloride on crystallising 
from aqueous solutions or even in contact with atmospheric moisture. It also 
forms anionic complexes as in double acetates in presence of excess of acetic 
acid. It has been proved that the energy shifts of the electronic part on 
successive hydrolysis in case of chloride and acetate are not only qualitatively 

* Abstract of the thesis submitted to Agra University for the degree of Doctor of 
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but also quantitatively similar for I and 11 hydrolysed species with respect to 
the normal salts. The electronic energy on anionic complexing changes to the 
higher values relative to that of the normal salt in agreement with earlier 
observations in connection with solutions as by Pant and Khandelwal and in 
double acetates. The similarities of the hydrolytic and anionic complexes ‘in , 
solutions and solids are further corroborated by the study of other properties 
such as temperature variation of fluorescence intensity and qualitative changes 
in the relative intensities in the absorption bands. The various forms of acetate 
‘are sometimes present together in different proportions and act as impurities 
for each other. In some cases it is observed that the impurity bands are 
shifted relative to their positions in pure samples which points out to the 
formation of mixed crystals where the impurities-are either substitutional or 
are present as interstitial in the lattice. Interesting characteristics of the 
impurities have been observed and studies in some detail. 


Uranyl sulphate is also known to show spectral changes depending upon 
the methods of crystallisation, dehydration etc. In earlier literature there was 
a confusion in the observations of various workers. An exhaustive study of 
the various samples of this salt prepared under different conditions has cleared 
up the situation. in many respects and the earlier observations have been 
correlated to a great extent. At least eight distinctly different forms of uranyl 
sulphate have been recognized by their spectral and other properties, The 
various phase transformations are found mainly either due to differences in the 
amount of water of crystallisation or due to different possible crystal structures 
for the same chemical composition and in one case due to the anionic 
complexing. It has been proved from monochromatic excitation, intensity 
changes with temperature etc., that the a and f series (A and B series) in the 
samples of uranyl sulphate trihydrate belong to a single hydrate in contrast 
to the suggestions by some earlier workers who attributed these bands to two 
‘different hydrates present in the same sample. One form of the salt obtained 
on dehydration with H,SO, gives the antisymmetric frequency (y,) of uranyl 
ion in as many quanta as the symmetric one. This observation is extraordi- 
nary as all other uranyl salts are known to give only.a single quantum of yy. 
The spectral changes during various phase transformations have been 
described. 


It is now becoming clear that the uranyl ion is stabilised by an equato- 
rial ligation which may be due to water of hydration or other ions of the 
crystal. Due to this ligation not only is there a shift and change in the 
spectrum from salt to salt but also new vibrations which may be called internal 
lattice modes or ligand bond vibrations can arise. We have recognised the 
possibility of such ligand vibrations in the spectra of solids. Vibrational 
frequencies about 90 and 300 cm! are attributed to different lattice modes 
and evidence for this suggestions is gathered. The systematic changes in the 
electronic energy involved in the transition corresponding to fluorescence are 
accompanied by similar changes in the vibrational frequency of the uranyl 
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ion in the ground state. The relation yg : », is found almost parabolic for the 
two series of salts, namely chlorides and nitrates. There has been no difficulty 
in the identification of the symmetric frequency (y,) of the uranyl group in 
fluorescence as it occurs strongly in several quanta. The regions of the spectra 
corresponding to the other frequencies (y, and yz) show multiplet structures in 
several cases and it is ordinarily difficult to indentify these latter frequencies 
unambiguously. The behaviours in the higher groups show that the series 
belonging to »¿ frequency gains in relative intensity over the other bands. in 
the respective regions. "The y, frequency was thus indentified and an empiri- 
cal relation between yz and y, has been deduced which represents the 
experimental results within 1:595 in most of the cases. A similar relation is 
given for y, and yz frequencies. The other bands occurring in the regions of 
Ya and yg frequencies have been attributed to the uranyl-ligand bond 
vibrations. In few cases the frequencies calculated from semi-empirical 
assumptions are in accord to the experimentally observed values. The causes 
for the occurrence of the yi, », and y, frequencies together have been enume- 
rated. Two series of bands at about 90 and 300 cm”? have been interpreted 
as out-of-plane bending and symmetric stretching modes respectively of the 
uranyl-ligand bonds. They occur with relatively greater intensity in compounds 
where the ligands are probably covalently bound with the uranyl ion, e. g., in 
double nitrates and double acetates. In the cases where water is directly coordi- 
nated with U-atom these vibrations have been recognised by D,O substitution. 


In absorption the four series of electronic transitions in the region 5000 
to 3400 A9 have been identified in many of the spectra. It has been found 
that like in solutions the magnetic series gains in relative intensity over the 
diffuse series on anionic complexing and becomes less intense on hydrolysis. 
The magnetic, diffuse and ultraviolet series show multiplet structures invari- 
ably and in few cases the fluorescence series also behaves similarly. The 
schemes suggested by some earlier workers are untenable for the interpretation 
of the uranyl absorption. The fluorescence series show the occurrence of the 
antisymmetric vibration y’, in as many quanta as y’,. These uranyl vibrations 
follow a similar relation as the corresponding ground state vibrations. Some 
of the contradictions in the earlier literature about the excited state vibrations 
are thus refuted. 


D,O isotopic shifts in the spectra of a few hydrated crystals of uranyl 
salts have been investigated with a view to understanding the role of the 
water of crystallisation in these salts. In agreement with the earlier observations 
of other workers the entire spectra are shifted by 8 to 20 cm-! to the violet. 
However, in case of UO, Cl, 3H,O there is observed no shift in contrast to 
other cases, It is suggested that the violet shift is due to change in the zero- 
point energies in the ground and excited states of the uranyl complexes in 
which water is coordinated with the uranyl group more or less strongly. 
Evidence has been found for the occurrence of uranyl-ligand vibrations 
involving water molecules as ligands. The ligand vibrations are found to show 


Z 
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larger shifts which are in accord with the theoretically expected values. The 
conclusions are supported by semi-quantitative derivations of the ligand bond 
vibrational frequencies from Badger's rule and bond strength relations suggest- 
ed by earlier workers. It is suggested that the D,O isotopic shifts can be 
more fruitfully studied at still lower temperatures and higher dispersions. 


Polarization studies in the fluorescence and absorption spectra of a few 
single crystals of uranyl salts have been undertaken to get informations about 
thé symmetries of the vibronic states of the uranyl group in the ground and 
various excited states. Except the cubic crystals of sodium uranyl acetate, which 
show. circular polarization in a single series of bands (Symmetric vibrations), 
all the lower symmetry crystals show strong dichroism in some or the other set- 
tings of the individual crystals. The dichroism is due to strong polarizations 
of the magnetic and diffuse series of absorption bands which can be thus easily 
distinguished. The behaviour of the diffuse series is somewhat different than 
that of the magnetic series. The fluorescence and ultraviolet series are also 
more or less polarized. The most interesting point is that the y^ and 9’, 
vibrations of the uranyl group in the first excited state are polarized 
perpendicular to each other while in the ground state only y, is strongly 
polarized. This shows that the UO, group is in all probability of Dooh 
symmetry in the ground state and its geometry changes to Cy on excitation. 
The sodium uranyl acetate crystal show two types of circular polarizations , 
namely left- and right-handed.. The two polarizations are due to the 
enantiomorphism in this class of crystals. It is suggested that in this parti- 
cular case the UO, group remains linear symmetrical in the excited state as 
well and the circular polarization is due to electronic transition most 


probably from As upper state to I» ground state. The possible electronic 
; "»P.. 


configurations of the excited uranyl ion are discussed briefly. 


5 


AS STUDIES IN POLAROGRAPHY* * 


E l P. K. KARMALKAR 
Holkar College, Indore. 


| Chapter I: The a Stability Constants of Inorganic Complex Ions 
—. in Aqueous Solutions. 


In this chapter a general survey of the historical background of finding 
out of stability constants is taken. The following points are further discussed. 


(i) It is necessary to abandon the aim of obtaining constants at infinite 
dilution when studying complex Sane where several species 
exist simultaneously. 


(ii) It is necessary to employ a constant ionic medium for the study of 

complicated equilibria in-order to eliminate activity coefficients as 

. variables. Any limitations that the ionic medium method may 
have, are certainly outweighed by this advantage. 


(iii) In order to establish definitely the presence or absence of polynu- 
clear complexes, it is necessary to study the equilibria over a wide 
range of ligand concentration. The central ion concentration 
should also be varied over a wide range. 


(iv) Since one must reproduce the experimental data with the minimum 
number of constants and assume that these indicate the correct ionic 
species, it is essentidfto have highly accurate data to avoid the 
introduction of ficticious complexes. 


Chapter H : New methods for. the Estimation J the Stepwise Stability Constants 
of Complexes. 





Today, it has become a practice of applying statistical methods for 
computing various chemical constants. Kivalo and Rastas have proposed a 
method for calculating stability constants of complexes, based on ‘least-square 
method. Here I have proposed two new statistical methods based on the the- 
-ory of “orthogonal polynomials" for computing stability constants of complexes. 
The methods are suitable for the determination of stability constants of mode- 
rately weak mono-nuclear complexes, when the ligand concentration is large 
compared to the central ion concentration and is varied at constant intervals. 


The limitations of ‘least square’ method, as proposed by Kivalo and 
Rastas are discussed and the superiority of the proposed method—that there 
is no loss of labour in this method as in ‘least square’ method—is shown. It is 


* This is an abstract of the thesis submitted for the degree of Doctor of Philosophy of 
Agra University. l 
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' because the orthogonal polynomial equations involve a transformation of such 
a nature that as new constants are added, the old constants remain the same, 


This point of superiority is brought out by applying the Kivalo and 
Rastas method and the proposed new methods to the data of copper-acetate 


system (u=0.5). 


The standard errors of coefficients are found, whereby the number of 
complexes existing in aqueous solution could be judged. 


Chapter UI : Polarography of complex metal ions—Their Composition and Stab- 
ility (or Instability) Constants. 


In this chapter the classical polarographic method as applied to a system 
when a comparatively strong complex exists over a wide range of ligand con- 
centrations is described. The method, as modified to suit cases when weak 
acids (as acetic) or amino acids are used, is discussed. 


- When several weak complexes are formed in a stepwise fashion, the ab- 
ove method fails. For such cases two methods are available, viz., (1) De Ford 
and Hume's and (2) Ringbom and Erikssons's. These are described in 
details. 


Chapter IV: ma n 


se 


In this chapter the main polarographic set up and the auxiliaries requir- 
ed for the same are discussed fully to give a clear idea about the general 
polarographic experimental set-up. 


~ a 
Chapter V : Polarographic Studies in the Mono-Carbaxylate Complexes of 
Cadmium. | 


Ferrel et al investigated potentiometrically the electrolytic dissocia- 
tion of copper and cadmium carboxylic acid salts. They studied the 
'Aniophilli and ‘Katiophetic’ properties of cations and anions. However, 
their aim was not to find the formation constants of the cadmium-mono-carboxy- 
late complex ions. Aditya and Prasad in their studies on the behaviour 
of Bi-univalent salts in aqueous solutions, studied the cadmium acetate system. 
Hershensen et al studied the formate complexes of cadmium, copper, lead, 
thallium pog zinc, polarographically. 


ely Klementié and Fillipovié — polarographically lead- 
monocarboxylate complexes and their stability complexes. In the present | 
work similar study has been undertaken for cadmium mono-carboxylate com- 
plexes with formate, acetate, propionate and butyrate ions with a view to 
determine their stability constants, as also to see the influence of increasing 
- chain length in homologous series on the number of ligands—attached and 
the stability of complexes. 
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It has been found that cadmium forms three stepwise complexes with all 
the anions studied—formate, acetate, propionate and butyrate in the concen- 
tration range of (0'0-1:0) M, although in case of butyrate, presence of higher 


complex ions is did and this is expected as will be clear from the 
‘discussion. 


The overall successive formation constants areas follows: — 


Formate system : - B,—4 B,=15 B¿=14 
Acetate system : B,=18 B,=30 B,=167 
Propionate system : 8,=6 fz=88. Ba=176 
Butyrate system : B,=5 PB,=50 PB,=226 


But for the discrepancy in f, for acetate, it has been found that, in general 
the values of formation constants increase with i increase in chain length in 
homologous mono-carboxylate acid system, 


. In general, the stability of complexes stand as formate <acetate <propio- 
nate >butyrate. KU | 


This is in order as he E TN constant of E acids which is also 
as : formate <acetate <butyrate <propionate. 


Moreover, the relation bejeen the stability of. complexes and the disso- 


- ciation constants oft obscure and there could not be traced any 


ps 


quantitative relationships between the two. 


Chapter VI : _Polarographic and Spectrophotometric ‘Studies of the oer complexes 
of copper. 


er i « 


Fronaeus first studied the acetate complexes of copper by cation-exchange 
resins. He made measurements with cupric-acetate solution at an ionic stren- 
gth ‘of 1M (with NaC1O,) and found the presence of complexes Cu(oAc)*, . 
Cu(oÀc), and Cu(oAc)~, with the respective formation constants of : l 


B, =45 $ 2o71; B,—440 460 c-? 
B, =1000 + 300c-3 | 
Lloyd et al from solubility data, studied the dissociation. constants of 


cupric salts of some monocarboxylic acids. They ¡report tlie dissociation 


constant (reciprocal of formation constant corrected for ionic strength as 
E57 x10 | 


Sircar and Aditya studied the copper-acetate system, potentiometr ically 
and report the presence of first two complex ions' Cu(oAc)* and Cu(oAc),. 


Recently, Y. Doucet and R, Cogniac, by conductivity method, studied 
the above system and they report aevalue of 3:0 x 10-7? for K,. 


o 
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Y. Doucet et al from optical density measurements report that copper 
(II)-acetate solutions of concentration 0° IM béhaves as 1—1 electrolyte as 
Cu(oAc) * (oAc)- with no free. Cu** ions existing in these solutions. 


In all the um works referred to, methods de than polarographic. 
were used and the conditions of experiments used by different workers. were |. 
also different. 3 


In: the present. investigation copper-acetate compen were studied 


polarographically and spectrophotometrically. 


In polarographic method the data was analysed by De Toi and Hume's 
method; both for establishing the. number of complexes and their formation 
constants. Three series of aqueous solutions, containing copper 9 x 10M 
and different concentrations of acetate ion kept at constant, ionic strengths of 


| (15, 0/5 and .1°5 respectively. by means of KNO, were studied, 


- In lower ligand coricentrations series, only the first two. of the above ^ 
r were detected. The successive formation constants 8, and Ba 
having values 107 and 340 for 1. —0-15 and 82 and 385 at #=0°5. In high ligand 
concentration the following complexes were detected Cu(oAc)t, Cu (oAc),, 
Cu(oAc) 2 Cu(oAc),-? with respective overall formation constants of 
82, 300, 91 and 46 respectively. The formae constant of the ion Cu(oAc)-, 
‘is small—too er to be evaluated with am Wee of confidence by this | 
method. l 


. In the spectrophotometric method, Yatsimirskii’s method is used. Two 
Series of copper acetate system—one at higher. ionic strength (4=3'0M) and 
Another at lower i ionic strength (u=0"15 M) were stúdied. In the lower. range 
of acetate ion concentration (0-1M), the presence of only two compléxes 
Cu(oAc)* and Cu(oAc), is inferred with values for. successive overall constants - 
B,—100 and B,2-350. In the higher concentration range. (u=3M) series 
presence of as many. as first five complexes Cu(oAc)*,. Cu(oAc);, Cu(0AÀc)7,, 


Cu(oAc) j 989 Cu(oAc) 5 5  isinferred. It was not possible to find out 
the values of f’s -asit involved complicated system of ten equations with 
ten unknowns. It is for the first time that I have established. the presence of 
as many as five So in this system. The. pentacovalency of Cutt is `. 
discussed. | Pr | j 


Chapter vu Polarographic Study of the Lead-Glycine Complex. 


The existance of only one complex ion PbG+ has been shown by polaro- 
graphic method in lead. glycine in —aqueous solutions in three different 
concentration ranges of glycine at constant ionic strengths of 1 and 1:5 res- 
pectively. The results are confirmed by ‘potentiometric and—eonductometric | 
titrations. ; 
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The dissociation constant of the complex is calculated; the average 
value being pK=5:49 and agrees with some of the previously reported 
values. Standard free energy of the Onon of the complexwas found to 
be 7:8 kcals. 


The formation of the complex ions by lead salts with amino acids has 
been investigated in the past by several authors, In the earlier works 
reported, the lead glycine system was studied by methods other than polarogra- 
phic. There exists certain disagreement also as regards the number of com- 
plexes formed and' their dissociation constants. | 


I have, therefore, investigated the. above system. polarographically in 
three different analytical concentrations of glycine, keeping the ionic strength 
constant at | in the first two series and 1:5 in the third, The results were 
confirmed by Potentiometric and Conductometric methods. 


Chapter VIII : Application of polarography i in the determination of heavy metals in 
rocks and the determination of age of igneous rocks. 


For the first time I have used the polarographic method for the deter-. 
mination of uranium in rocks; Lead was also determined by polarographic 
method as developed by S. Miholic. Thorium was determined by a micro- 
gravimetric method. 


The age of two granite samples was determined by knowing the amount ` 
(95) of lead, uranium and thorium in these granites. The Aargranite from 
Switzerland gave an absolute age of 300 million years which tallies well with 
the relative age determined stratiagraphically by Swiss Geologists, while, for 
the Gotthardgranite, dn “absolute . age of 50 million years was obtained, 
. which corresponds to cretacious or early- Tertiary. This is for the first time 
that the age of Gotthardgranite as correspoiding to cretacious was reported. 
This was very well confirmed independently by a different method (Pleochroic 
haloes) by S. Deutsch. The % of uranium.is comparatively large. This can 
be accounted by assuming that the investigated granites are not of igneous 
origin, but derived from schists that have been granitized and at present there 
are trends to suppose that all granites have had this origin. | 


Chapter. IX : Studies in Amalgam Polorgrapi — Palerigrapi studies with Bismuth 
Amalgam. 


Amalgam Polarography, unlike other branches of Toga has not 
received süfficient attention as revealed by a survey of the available literature. 
The study of anodic waves in the former has both—theoretical and practical— 
— importance, By collecting data of ‘cathodic and anodic, reactions at- the 
electrode, under different conditions, it has been possible (1) to verify the funda- 
mental theoretical status and the equations in polarography; ' (ii). to clear our 
understanding of reversible-irreversible processes occuring. at the electrode. 
From practical point of view, studies of anodic waves in amalgam polarogra- 
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| phy has opened up the possibility of calculating diffusion coefficicnts of cer- 
tain metals in mercury, of calculating solubility products of sparingly soluble 
salts, etc. and in the analysis of many alloys. 


Filipovié first studied honut amalgam polarography in details. He 
found out that in unbuffered alkali chlorides solutions, two anodic waves were . 
‘obtained whilst buffered—solutions gave rise only to the second but much 
steeper wave, "E 


Stromberg also studied bismuth amalgam polarographically but his main 
interest was theoretical, although he has discussed some of the possibilities of 
the uses of the studies of amalgam polarography. 


In the’ present work an attempt has been made to study the electrode 


processes occurring at bismuth-amalgam electrode i in acetate buffered a 26... 


to 3°8) alkali- chloride solutions. 


In the present work an attempt has been made to study the electrode pro- 
cesses occurring at bismuth-amalgam-electrode in acetate buffered alkali chlo- 
ride solutions. Bismuth amalgam ` (concentration 1:13 10-4 gm. atom/l.. 
of mercury) was prepared in a specially prepared glass apparaus. The follow- 
ing equation was derived for the anodic process occurring at the electrode: 


E. —Ra—0:020 log S —0:040 log (OH) 


-—0:020 log (CI ) 
—1*020 log dá) 


das... 
from which the following relations were got : 
QE 
PE 40 sii and 


d =20 mvs/pCl. 


Experimental data agree Ves well with the above derived relations, 


OPTICAL ACTIVITY AND CHEMICAL CONSTITUTION 
Part V. Optica, Actrviry AND MOLECULAR FRAMEWORK 


O. N. PERTI 
Professor of Chemistry, Th. D. S. B. Government College, Naini Tal. 


From a discussion of the physical theories of optical activity it follows 
that in order to obtain information in regard to relationship between struc- 
ture and rotation it is necessary, to compare not the rotation of the molecule 
as a whole but the partial rotations of the chromophoric group. It was the 
work of Betti (1901, 1906, 1907, 1916, 1920, 1930), however, which first 
pointed to the importance of the group which plays a significant role in 
determining rotatory power. He prepared and resolved f-naphthol-phenyl- 
amino methane, a compound containing only one asymmetric carbon atom. 
He condensed it with a series of cages and produced compounds of the 


type 


— 


19 He 


. N= en ROC 
(R.CHO is the aldehyde) E 


A study of such compounds revealed that there is a remarkable paralle- 
lism between the molecular rotations of the condensation products and the 
dissociation constants of the corresponding acids (R.COOH). Some of this 
data is given in table 1, 


TABLE 1 





Aldehyde R:CHO (M)y, of the aldehyde Kx 105 at 25° 
| | compound | for R:COOH 
p-Dimethylamino benzoic àe7e* 0:94 
p-Oxybenzoic | ^ 1049:5 2:9 
3-Bromo-p-oxybenzoic l 648:0 
Protocatechuic - 588-8 | 3:3 


(Continued on next page) 
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Aldehyde R:CHO (M) y of the aldehyde KX 10 at 25° 
compound | for R. COOH 

3-Nitroanisic : | 9096 —— 
m-Toluic l 504:5 | 5:6 
Benzoic ` | ; 373-1 . | 6:6 
-m-Oxybenzoic . 2362-6 8:33. 
p-Chlorobenzoic _ 3 o 811-8 9:3. 
m-Bromobenzoic .' — |. 2809 13-7 
m-Chlorobehzóic E : | 255°9 ` | | .15*5 
m-Nitrobenzoic ' 1676 - 34:8 
‘Salicylic l 85-7 o . 106 
o-Chlorobenzoic . $5 | ^ -128:4. ` | 132 
o-Bromobenzoic "—808 2 | s 145 






o-Nitrobenzoic —990-7 a 3 657 










Table 1 clearly .shows that it is olarity of the. substituents 
which appears to determine the magnitude of m asymmetry or opti- 
cal rofatory power.. The word ‘polarity’ as applied to substituent effect is - 
generally used in two senses, On the one hand it is used in the phrase gen- 
eral polar effect in connection with the series such as 
NO», CN, COOH, Cl, Br, I, aie LL. | 


CE representing. the relative" influence of groups on 7 c- ade strength of 
' an aliphatic. acid. This sequence has also been traced in the’ effect of the " 


substituents on «the velocity of reaction and molecular inductive capacity 
(Rule and Patterson, 1924). On thé other hand, groups are frequently | 
described as positive or negative either in reference to their directive influence - 
on benzene substitution or deduction from Lapworth's principle (Lapworth, 
1920, 1922). of induced alternate polarity. Lapworth’s view has been subse- - 
quently developed on the basis -of the electronic theory by Kermack and 
Ropu ( 1922) and Thompson (1923). Such views led to a series of the ayes | 
- NO, GN, COOH, H, Me, I, Br, CL F . | 
This ‘series closely corresponds to the relative. influence of groups “on: 
nitration of benzene. Rule (1922):has shown that the arrangement of groups 
-according to their polarities follows a general order with minor differences, 
whether the order is deduced from benzene substitution data, or: influence of . 
various groups on dissociation constants of substituted acetic. or benzoic `. 
» acids, or on the basis of electronic theory, and that the order is 
OH-, Cl, Br, I, Et, Me, H+, COOH, CHO, COCH,, CN, NO,+ 
It was pointed out by Rule (1925) that (—)—menthyl esters of monosub- 
stituted acetic acids showed a distinct relationship between the dissociation 





Sept., 1963] O. N. PERTI on Optical activity & Chemical constitution: 205 


constants of the corresponding. acids and the optical rotatory power of 
these condensation products. Even a better relationship is obtdined if com- 
parison is made with the values of dipole moments characteristic of the 
substituent groups. In Table 2 is given some data to illustrate this one 
ship (Rule, 1930). 


"fan 2 | 
id ió (— =) = menthol e esters of monosubstituted acetic acids X.CH,.CO0. G, us 























x— Dipole Home of X— (M) | Dissociation constant 

as px 1018 5461. Kx 105 

N.Etg Spe C9 quu 15460 C , ` small 

N. Meg | | | 1:4 1569 TEN UN 

H 0 157:3 18 

CHy . 0 160-2 = = |. 

COOH > 0-7 (?) 160-2". 160 

OCH, - 2012 165-0 | 33 

OH ` 1:7 -165-0 (at 94°) ` 15 

Br 169. 138 


i ^ 


These studies led to the view that polar effect is traceable on rotatory 
power (Betti, 1923; Rule, ajo gh and Bhaduri, 1937). It has further 
been suggested that, - general, the replacement of a hydrogen atom in an 
optically active compound by.d positive substituent displaces’ the rotation in 
‘the opposite sense to that due to a negative substituent. - Further, in general, 
a positive group should increase the rotation (Singh and Barat, 1940) and a 
negative group: should cause a decrease in rotation (Singh and Bhaduri, 1937). 


It is thus seen that the polarity of a ia group and more funda- 
mentally the partial rotation due to the chromophoric group are of great 
importance in the study of optical activity in relation to chemical structure 
of organic compounds. Several types of relationship between optical activity 
and chemical constitution have been observed. It has also been noticed that 
the effect of change in constitution in one series is not always . the same 
for a similar change in another series. Moreover, frequently it is found that | 
the effect ofa group is different in different solvents. There are, however, 
certain qualitative regularities which have been observed in different series 
and which have found use in the determination of molecular structure. 


Some of the earlier em pirical rules may here be usefully recapitulated 
in a more precise form. One of these rules is what is known as the Rule of 


^ 
I 
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Saneepacuian (Van't. Hoff, 1894; Guye and * Gautier, 1894). According to 
, „this rule, as proposed originally, if there are two or more asymmetric atoms 
in a compound, the optical activity of the individual asymmetric atoms can 
be added algebraically. This is seldom found to be-the case because of the - 
mutual effect of different centres on their contribution to the total rotation. 
Freudenberg's Rule of Shift (Verschielungstaz) which is a qualitative rule, is of 
. a more general application (Freudenberg, 1933*).- According to this rule if two ` 
similar asymmetric molecules P and Q are altered in the same way to give 
P’ and Q/ then the differences in molecular rotation (P'-P) and (Q'-Q). are 


ofthe same sign. In a homologous series containing only one asymmetric ` ^ 


carbon atom, Tschugaeff’s géneralisation (Tschugaeff, 1898) sometimes call- 
ed the Distance Rule (Entfernungssatz) is important. . This may be stated as ` 
follows: In a ‘homologous series containing one assymetric carbon atom, 
the molecular rotation tends to a limiting value and thereafter shows little 
alterations (Humphrey and Guye, 1903; Guye and Babel, 1899). 


The use of optical rotation in determining structure is based on ana-. 
logy and not on the physical theories of optical rotation. -The physical 
. theories are not of much value. in dealing with structural problems. For . 
example, Kuhn (19359) claimed that the Fischer convention for the formula of ` 
glyceraldehyde was correct; Wasser (1949) adduced arguments in favour of the 
other view; the arguments e Wasser were discounted by Turner and Lonsdale 


(1950) and lastly, the work of Bijvoet et al ( a’b) which is now generally ác- - 
cepted as correct, shows that the convention propostwieystscher is the right one. 


If an adequate series of fair analogies ate available then optical rota- 
tion can prove to be of great advantage. However, for any analogy to be 
rigorous it is necessary that relationships deduced in regard to any group 
of compounds should be such that the viaabaciion of groups involved is 
either non-existent or negligible. One can -only lear about vicinal action 
from a close study: of the rotations of these compounds (Rupe, 1914; Rupe . 
et al, 1930; 1932, 1940; Freudenberg and Kuhn, 1931; Barton and Cox, 
1947, 19484). Here, again, it may be pointed out that ported ad of optical : 
rotation of one series with the optical rotation of another series is not desir- 
able as it is seldom found to be correct. Moreover, other methods are now 
available which are more useful such as the kinetic: method of Ingold 
(Brewster, Hiron, Hughes, Ingold and Rao, 1950; Ingold, 1953) and the . 
correlation method of Fredga (1944) using quasi racemic compounds. 

A mass of optical rotation data.is now available and several types of 
relationship between optical activity and chemical constitution have been: 
observed. These would be considered under the following sub-heads:— 


Substances having one asymmetric carbon atom 
Carbohydrates 

Amino acids, polypeptides and proteins 
Steroids 

Terpenoids 

Others. 


mowip e ID 
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ls Substances having one E carbon atom—All such substances 
which have been investigated | can be expressed by the general formula 


R, 
| 


unir 
p OE -R, 
(cH, ja 
a: 
R, 2 
, where R,=CH,- , iso G4 H,- , C¿H;¿- or CHi- 
R,=CH,-, or a functional group, and, 
' R,=CH,-, and 
0 Dn Dg, ng—O or an integer. E 
Several such series have been investigated and their porani results are 
given below. i 
In optically active hydrocarbons of the type CHR IRR; (Ry>R,>Rs, 
dextro) Levene and Rothen (1938) found that when the dispersion curve can 
be expressed by a one. term Drude. formula, the dispersion constant found 
(Ag-1600 to 1700 A) is nearer to the visible region than the first absorp- 
tion band of an alkyl grouys From this they inferred that the rotatory 
dispersion curve of t ydrocarbons is the resultant of two rotatory com- 
ponents of opposite sign and it is therefore not surprising that when 
Ra> R, the rotation of the hydrocarbon is laevo. 






Secondary carbinols studied garlier . by Pickard and Kenyon (1911) 
were reexamined by WéVene and Rothen (19368) who extended the measurg- 
ment of rotatory dispersion. to the ultraviolet. It was found that the distance 
of the hydroxyl group from the asymmetric carbon atom, as well as the 
structure of the alkyl groups had a marked effect on the dispersive power. 
It is interesting to note here that when Pickard and Kenyon (1914) found 
anomalous dispersion in substances containing only one asymmetric centre 
- they attributed it to a mixture of two isomerides which have rotatory 
powers of opposite sign and different dispersive powers. Levene and Rothen 
(1936?’>) noticed that the dexiro-octanol-4 (propyl-butyl-carbinol) gave a laevo 
rotation in ether. Analysis of dispersión curves disclosed that the dispersion 
was normal in ether but anomalous in the homogeneous state. This indi- 
cated that the first active absorption region of this dextro-carbinol furnishes 
a laevo rotatory partial contribution, Thus the anomalous dispersion observ- 
_ ed by Pickard and Kenyon is merely due to the superposition of partial 
. rotations, This explanation is further supported by the work of Kenyon and 
"Barnes (1924) who studied a series of ethers prepared from dextro-nonanol-3 
(from methyl up to nonyl ether) and found that with the exception. of methyl 
ether all were dextro-rotatory. The dispersion of methyl ether was normal 
whereas all others exhibited anomalous dispersion. 


— 


re 
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"Phe change of -rotation with the. increase of the distance of. the.ichro-- 
ss group from the asymmetric carbon atom is a very striking pheno-. 
menon as noticed earlier by "Tschugaeff (1914) -and by Rupe (1914) who 
noted a gradual rise or drop in the rotation of the consecutive members until 
.'& constant value was finally reached. The effect of a group on the total 
molecular rotation is twofold. - It introduces a partial rotation . of its own - 


and it influences the partial rotations of. other groups. The effect of isopro- .- : 


pyl group in the case of active hydrocarbons and secondary alcohols bas. 
been studied in detail by Levene and Rothen (193685), They found that 
the effect of” the distance of isopropyl group from the asymmetric centre in 
carbinols is similar to that, in hydrocarbons. It was also noticed that the | 
effect of the isopropyl group is exhausted at a comparatively short distance 
from the asymmetric centre. The effect of phenyl and cyclohexyl groups 
studied earlier by Haller, Hilditch and Rupe was reexamined by Kuhn and 
Biller:!(19358?b) who extended the.observations of rotatory power to the ultra. 
violet. These workers carried out an extensive investigation into the effects 
of -substitution of a cyclohexyl or a phenyl group for a hexyl group in nit- 
rites, acetates, , ‘carbomethoxy derivatives and phthalates. “In all the three 
series, of derivatives, namely, those of methyl-n-hexyl carbinol, . methyl cyclo- 
hexyl carbinol and methyl phenyl carbinol, the shift of rotation on passing 
from the carbinols to the derivatives is inthe same direction. Correlating 
it with the earlier configurational studies of od Stevens (1930) these 
aüthors &oncluded that the three radicals exerted a similar vicinal effect, and 
that hexyl-cyclohexyl carbinol should be optically inactive. Further, the 
partial rotations of hexyl,:cyclohexyl and phenyl groups have the same sign. 
Here it may.be pointed out that the observations limited to a single member 
of. the homologous seriés cannot be generally when the active 
absorption bands are situated in the distant ultraviolet region. Analogy 
with, members of the isopropyl series mentioned earlier would indicate that 
hexyl-cyclohexyl.. .carbinol should be optically, active and not inactive as 
suggested. «by. Kuhn and Biller. This has, however, not yet been tested experi- 
mentally, To sum up one may.say that observations on .the substitution of 


an isopropyl for. a propyl, or, of-a cyclohexyl or. phenyl group for a hexyl; 
indicate that the effects of these substituents are similar. 






. The influence of ethylenic link was summarised in 1914 by Rupe (1914) 
in the: statement’: * “The presence of unsaturation leads. to an irregularity 
in the, rotatory, effect, and: not necessarily to an increased -rotation.' 
Observations: of :Leven, et' al (Levene and Harris, 1935; Levene and: Haller, 
1929) on:rotations of. a number of unsaturatéd carbinols showed that the 
rotations of.the unsaturated carbinols- are opposite in sign to those of satu- 
rated carbinols . in all cases in which the ethylenic link is ‘situated in the. 
smaller, alkyl group, but the rotation remains of the same sign when the 
“ethylenic, bond is situated’ in the larger alkyl group. In this series it appears 
ithat.the rotation of the molecule as a whole is associated with the change of 
the partial rotation of the ethylenic link. © . _ | | ss "hs 


- 
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When we consider the influence of chromophoric groups. in . compounds 
'of the type represented -by the general formula given. earlier. we find that they 
_ are of two typés, viz., those in which. the configurations. of all members ` of the 
homologous series with respect to n, can be correlated by “methods Mf. classical 
organic chemistry, and, those whose configurations can only: be correlated 
whenn,>0. Work on both these ype of compounds has. been, ‘reviewed By 
Lévene and Rothen (1938). : 

Taking first those compounds in which the configurations of ali tke 
members of the homologous series: with respect to na can be, correlated by 
methods of classical organic chemistry, it is found that the changes in the 
direction of the partial rotations with the increase n2=0 to n=] cannot be 
explained on the basis of any theoretical models advanced for the explanation 
of the mechanism of optical rotation. In- several cases. there is observed a 
‘periodic change in the shift of rotation in the visible region with the progressive 
increase in the value of n, Sometimes this periodicity is, latent and only 
comes to light when the partial rotations of the chromophoric groups are 
considered.’ In the case of aliphatic carboxylic acids, it is found that ` the 
rotatory dispersion curves of disubstituted acetic acids can be expressed, for “all 
members investigated, by a one term Drude formula having dispersion coristánt 
as 1850 A’ “indicating that the first absorption band of the —COOH. group 
at 2050 A displays a negligible Cotton effect. In disubstituted propionic 
acids (homologous series with ct to n4) it is found that the- first. member 
of the series is dext exhibiting anomalous. dispersion expressible ‘by 
a two term Drude brmula but the other. members have. a rotation of opposite 
sign and display a normal dispersion. Analysis ofthe data indicates that the 
sum of two rotatory components of the carboxyl group change sigm on passing 
from the member having n4 —0 to that haying ng—1. [t isworth' noting that. 
when the isopropyl gs@ffp 15 substituted i in methylpropyl acetic acid for a propyl 
group; the resulting acid has the same sign of rotation but a- reverse effect is 
obtained in similarly substituted propionic acid series. A similar but much 
. accentuated effect is observed in acids containing phenyl group. It appears 
that in all these cases where the dispersion can be expressed by two terms of 
opposite sign, the first term apparently originates in the carboxyl group. - 
Further, the change i in sign of rotation from ng=0 to n4--1 is due to change 
in sign iof the partial rotation of the first contribution. Analysis ‘of rotatory 
dispersion data'in the case of ethylphenyl acetic and; 'propylpheny]l propionic 
acid. or, 2-cyclohexyl propionic and . 3-cyclohexyl butyric acids s ows that 
their rotation in the visible region is mainly determined by the -partial rotation 
of the carboxy! group. ‘In contrast to these acids is the case i] mandelic 
acid (Kuhn‘and Biller, 1935) where the first absorption of the . phenyl group 
is found to ‘be. anisotropic and furnishes the major, contribution’ to the rota- 
tion ofithe s substance. A. similar study:in the case of aldehydes was carried 
out by Hudson, Wolfrom and Lowry. (1933) and by Levene ‘and Rothen 
(19369). In these studies an 'unmistakable periodic. change in «the direction | 
of the shift of the pártial rotation of the band 2950 A (the first band of the al- 
dehyde group) was noticed with the progressive increase in the valúe of a,: 







3 
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naide the case of compounds. where the configuration can only 
be correlated when n,>0, we find that most of the work is confined to'a 
study o@pliphatic azides and halides. From the standpoint of optical rotation 
generally the azide “group (—N,) behaves like a halogen. The studies of 
Levene and Rothen (19365), Kuhn and Biller (19355), and Levene, Rothen 
and Marker (1936) along with the absorption spectra studies of organic 
iodides, bromides and chlorides show that the assumption that the configura- 
tionally related azides and halides always rotate in the same direction 1s not 
always tenable. e 

Attempts have also been made for correlation of € in dn 
stituted carboxylic acids. Interest in this field (excluding amino acids) has 
been mostly confined to azido acids (Kuhn, 1930; Kuhn and Braun, 1930), 
mercapto and sulphonic acids (Levene and Rothen, 19348) and a-halogen 
acids (Levene and Rothen, 19345; Kuhn and Braun, 1930; Kuhn, Freuden- 
berg and Wolf, 1930). It is found that all halogen acids are configurationally 
related but the configurational relationship of the azido and ofthe thio acids 
cannot be correlated. The azido and the halogen group resemble very much 
and it can be expected that configurationally related halides and azides would 


rotate in the same direction. For some substances this is found to be so but 
! : ` 


for others it is not valid. 
Marker (1936) has summarised most of the work mentioned above. in a 


table of precedence of substituents from w itis claimed that the sign of | 
rotations of compounds of the type CHXYZ ca dicted. "This impor- 


tant data is given in table 3 in a convenient form. 
TABLE 3 


Optical rotations of compounds containing only one asymmetric carbon atom ` 
Ry ! | | 
H—C-- (CHa —R, 
(CHa)n 
| 2 








Chloroform 





(Continued on next page) 
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Optical rotations of compounds containing only one asymmetric carbon atom: 
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Optical relation of compounds, containing only. one dormir arom atom; 
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Optical rotations of compounds containing only one asymmetric carbon atom 


CoH, 
+3 


93 


a3 


3? 


OAc 
COQ- 
LE, l 

OOH(o—) 
OH 


— 199 
+110 


+ 38 
+11 
+77 





Chloroform 


Ethanol 


Ethanol 
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Optical rotation of compounds containing only one asymmetric carbon atom 


Ry 


OEt or OMe 


NHs 


NE 


CHs 0 
23 > 
ae l 
$5 0 
$5 ] 
,> 0 
dy “I 
,, 0 
>» »» 
T Bl 
COOH 0 
COONa 75 
or 

COOK 

COOH A 
COONa 2 
or 

COOK 

COOH 1 
COONa - 
or | 
COOK 

COOH 0 
»> a 
T 0 
T l 
T 0 
9 TT 
^ I 
> >? 
js 0 


no 


(M) 


—170 
—238 
+58 
+12 


— 26. 


Solvent 
if any 


(M)5 461 
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Ethanol 
(M) 5261 


Ethanol 


Ethanol 
(M) 5461 


Ethanol 


Water : 
Acid 
Water 
Acid 
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- Optical rotations of compounds containing only one asymmetric carbon atom 
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As an example of the application of the data given in table 3 may 
be cited the case of anti-iso acids which have been-obtained from wool,: 
wax and mutton fat (Weitkamp, 1945; Hausen, Shorland and Cook, 1952,. 
1953)... Synthetic studies of Velick aad English (1945), Crombie and Harper 
(19508) and Stallberg-Stenhagen (1950) were based on (— )—L—methyl ` 
butanol and showed that the three members ofthe L-methyl series all have: 
positive rotations of the same order of magnitude. This led Crombie and. 


Harper (19508) to Suggest that the ' other (+).—anti-iso acids belong to 
E-series, | 
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2. Carbohydrates — Optical rotation of carbohydrates and its correlation 
with their structure has been largely studied by C.S. Hudson and co-. 
workers. The collected papers of Hudson have been published in two volu- 
mes by Academic Pres, New York, in 1946. Most of the data ón optical 
rotatory power of carbohydrates has been -tabulated by Bates et al (1942). 


Hudson (1909) found that the rotations of simple aldoses and their 
glycosides could be analysed on the principle ofoptical superposition. This 
he stated in the form of two rules of iso-rotation : (1) “The difference bet- 
ween the molecular rotations of the a- and f-forms of all the aldehyde 
sugars and of'all their derivatives in which the added substance is not joined 
directly to the end asymmetric carbon atom is nearly a constant quantity." 
and, (2) “The a- and B-forms of these derivatives (¢.g., glucosides etc.) of 
any aldose sugar in which only the end asymmetric carbon is affected have 
molecular rotations whose sum is equal to the sum for the a- and £- aldoses.” 
Molecular rotations of some monosaccharides, disaccharides and their deriva- 
tives have been tabulated and discussed by Klyne (1951). 


Hudson (1930 2*b) found that the rotational magnitudes divided the su- 
gars into two.or three categories. He assumed that these categories must corres. 
pond to differences in chemical structure—a claim which was hotly controver- 
ted by Haworth and Hirst (1930 etseg.) on the basis of methylation and 
degradation studies. This Hudseft-Haworth controversy has been very well 
discussed by Hirst in “Hudson Memorial Lecture to the Chemical Society” 
(June, 1954). It yay be mentioned that later work confirmed the views of 
Haworth and Hirst, even by the work of Hudson's colleagues when they 
applied the periodate oxidation method for evidence regarding size. It is 
worthwhile to quote from Haworth and Hirst’s paper the caution needed 
against arbitrary asse@fptten in regard to optical rotatory power and chemi- 
cal constitution: “It seems to us to be reasonable to test a hypothesis and 
the deductions made from it by comparing them with experimental results, 
but when additional and entirely unproven assumptions are superimposed on 
the first to account for discrepancies which arise between the deductions and 
the observed facts (rotational values) the additional assumptions can have ño 
assurance of validity." | 


. The configurations of asymmetric carbon atoms in the common glyco- 
sides is generally given on the basis of evidence of periodic acid oxidation 
(Jackson and “Hudson, 1937). However, in the case - of glyccsides of rare 
sugars such as deoxy sugars studied by Reichstein, Stacey et al, the rotations 
have been found to be useful to indicate the configuration of anomeric 
carbon atom. Study of optical rotations of synthetic steriod glycopyranosides 
indicates that the carbohydrate contribution AC is very approximately equal 
to (Mp of the corresponding a- or B-methyl glycopyranoside. This suggests 


. that: the rotational contribution of the carbohydrate component is almost 
independent of the nature of the steriod component (Klyne, 1950). It is, 
therefore, plausible to use rotation differences to indicate the configuration at 
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_the anomeric carbon atom in steriod glycosides if the (M)g values of the 


. corresponding methyl glycosides are known. Most of the synthetic glycosides 
known are f-anomers but in the case of cholestanyl glycosides and their 
acetates both a- and fi -anomers are available (Linstead, 1940). In table 4 are 
given the configurations of the anomeric carbon atoms in cardiac glycosides 
containing one molecule of sugar. The table has been compiled by Klyne 
based partly on his work (Klyne, 1950) and that of Reichstein and his colle- 
agues (Reichstein et al, 1951) during 1950-54. 


TABLE 4 
Configuartion of anomeric carbon atom. 


Name of carbohydrate Configuraticn of anomeric carbon 





D—Cymarose B—= ` 
D—6-Deoxyallose . ! B— 
D-—Diginose B— 
D—Digitalose B— 
D —Digitoxose  - B— 
L—Rhamnose “a 
D-—Sarmentoge | B— 
D—Thevetose p— 
L—Thevetose n a— 


Mention be also made of the ethers of 2-hydroWy tetrahydropyran 
studied by Woods and Kramer (1947) and by Parham and Anderson (1948). 
They are like hemiacetal pyranoside minus the alcoholic groups. When 
- 2 : 3-dihydropyran is treated with alcohokgin presence of hydrochloric acid, 

the resulting hemi-acetals are analogous to Pati prepared by 
Greenhalgh, Henbest and Jones (1951). "Their configurations can be correlated 
.on the basis of optical rotation magnitudes. 








Hudson also suggested the application of the rule of shift of rotation in 
indicating the type of glycosidic linkage between the two components of a 
disaccharide (Hudson, 1916). This work was extended by Freudenberg, 
Friedrich and Baumann (1932) to poly saccharides like starch, cellulose and 
their degradation products. According to them ifany polysaccharide consists 
of n similar units the molecular rotation (M)p can be expressed as the 
contribution of the first (a), intermediate (m) and terminal unit (z), 


Mn = a + (n2)m + z : 


From such a relation it is obvious that when n is very large, (M)/ 
repeating unit—m (Freudenberg, Kuhn, Durr, Bolz and Steinbrunn 1930; 
Meyer, Hopff and Mark, 1929). A review of the available data indicates 
that in case of polysaccharides with one type of repeating unit and one 
type of coupling, the a-linkages would show a large positive value for mole- 
cular rotation (+400) and the B-linkages a very low value approximating 
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zero (Freudenberg, 19338; Bailey, Whelan and Peat, 1950). It is on this 
basis that Hirst and Jones (1946) have suggested mainly B-linkages for the. 
polygalacto-pyranose obtained from seeds of Lupinus albus for which (M)5 funit 


= —26 and mainly a-linkages for pectic acid (a A dd acid) 
for which (M); /unit = 4-490. 


For configuration at C, carbon atom Hudson’s amide rule (Freudenberg 
and Kuhn, 1931; Clough, 1915, 1918; Hudson, 1918; Hudson and Komatsu, 
1919) or the related hydrazide.rule (Hudson, 1917) are useful. According to 
these rules the A —value for CONH,—COOH, that is, A—amide or A~ | 
hydrazide (i. e., CO.NH.NH.C,H,—COOH) is positive if C, hydroxyl has 
D-configuration and negative if it has L-configuration. For example the 
A —amide values in the case of L-mannonic acid (+33), D-gulonic acid 
(+41), D-a-glucoheptonic acid (+48), D-ribonic acid (+56), L-talonic acid 
(+66), L-arabonic acid (+79), D-xylonic acid (+76) D-gluconic acid 
(+74) and D-galactonic ‘acid (+83) are all positive indicating that C, 
hydroxyl has D-configuration. | 

Kuhn pointed out (Freudenberg, 19333) that the configuration of the 
C, influences the magnitude of the A —amide value in respect to C4 but the 
configurational differences at or beyond ©, have practically negligible 
influence. In the simpler case of 2-D-hydroxy acids Levene (1915) 
noticed that salts were more dextretotatory than the free acid and a converse 
effect was found in the case of 2-L-hydroxy acids. Mention be also made 
of the work of Deylofen (1933) on acetylated nitriles of sugar acids. He 
found that 2-D and 2-L acetoxy nitriles have positive and negative rotations, 
respectively. By analogy Schmidt (1930) deduced that the REESE 
of the hydroxyl group at C, in apipnic acid was D. 


The configuratións at C, and -C, involve ring formation which greatly 
effects the optical rotation. Here Hudson's Lactone Rule (Hudson, 1910, 
19398) provided useful information. According to this rule if the aoe: 
tion of the hydroxyl group which takes part in y- or 8-lactone formation is 
D, the lactone has a positive rotation; if L-, the lactone has a negative 
rotation. This rule is not universally applicable as in certain cases such as 
that of D-allonic-y-lactone (—12) the effect of other hydroxyl groups 
may over balance the effect of the lactone C-atom. ~The lactone rule has, 
however, been extensively used in carbohydrates to deduce the configuration 
of hydroxyl groups. Some of the important applications aie pyranose 
structure of glucose (Pryde, 1923), configuration in rhamnose (Jackson and 
Hudson, 1930) and fucose (Hudson, 1911; Clark, 1922). The application of 
lactone rule has also been extended to polvcyclic compounds (Klyne, 1954). 


Pacsu (1939) pointed out the possibility that differences in conforma- 
tions might effect rotational calculations in mannose and sorbose series. 
Similar suggestions have also been given by Hudson (19394). The confor- 
mation of pyranose rings have been discussed by Hassel and: Otter in the 
light of their concept of K and @ bonds generally called ‘equatorial’ and 
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‘axial’ by British and Americans (Beckett, Pitzer and Spitzer, 1937; Barton, 
Hassel, Pitzer and Prelog, 1953, 1954). Reeves (1950) studied this problem 
using copper-ammonium salt complex method and found that nearly all 
D-glycopyranosides have what he calls C-1 chair conformation and 
L-glycopyranosides have the l-G conformation—a result which is in general 
agreement with the suggestions of Hassel and Otter. There are, however, 
certain exceptions (D—iodose derivatives are 1-C; D-altose and D- lyxose deri- 
vatives are mixtures of1-G and C-1) which go to show the possibility of some 
further complicating factor over and above the vicinal effect .of the 
neighbouring groups.: It may also be mentioned that amylose appears to con- 
tain two types of boat form glycopyranoside residues (Reeves, 1954). 


In the case of sugars inorganic complexing reagents have been widely used 
to increase the magnitude of rotation. Tle inorganic complexing reagents which 
have been used extensively for this purpose are boric acid (Fischer, 1890), 
molybdic acid (Gernez, 1891; Schmidt and Weber-Molster, 1934; Bennet-Cllark, 
1934; Hudson, 1916) and copper-ammonium salt solution (Reeves, 1951). 


3. Amino acids, polypeptides and proteins— Optical rotation data has been 
used: for two purposes in the case of amino acids. On the one hand it has 
been used to determine stereochemical relationship of a-amino acids with a- 
hydroxy acids with a view to correlate itqwith glyceraldehyde. On the other 
hand, it has been used to determine the stereochemical relationships of different 
amino acids. x 


dabas and co-workers (Freudenberg and Rhino, 1924, Freudenberg 
and Meister, 1935) made a comparison of optical rotations of compounds of 
the type CH,.CH(ORJ.COR' and CPC Hd COR. Though there 
were several exceptions the rotation values generally tended to show that (+)- 
alanine isolated from hydrolysis products of proteins and peptides was confi- 
gurationally related to L-(*)-lactic acid. Their evidence (Freudenberg, Kuhn 
and Baumann, 1930) based on comparison of rotatory power of derivatives . 
of a-azido propionic acids and a-halogen propionic acids was much more satis- 
factory if one kept in mind that azido acids can be reduced to amino acids 
(Cowdrey, Hughes and Ingold, 1937; Cowdrey Hughes, Ingold, Mastermann 
and Scott, 1937). Amino acids can also bs configurationally related to sugars 
involving arguments from D-glucosamine which resembles D-amino acids in 
optical behaviour (Levene, 1925; Levene, Mori and Mikeska, 1927; Levene, 
Bass, Rothen and Steiger,1929; Lutz and Jirgensons, 1930, 1931, 1932). 
Neuberger (1948) has discussed a series of arguments involving D-glucosamine 
and the degradation of D-glucosamine to alanine by Wolform, Lemieux and 
Olin (1949) when taken together confirm the views of Freudenberg et al. 
The X-ray work on threonine (Shcemaker, Donohue, Shomaker and Corey, 
1950) and hydroxy proline (Zussmann, 1951) and arguments based on reaction 
mechanisms (Brewster, Hiron, Hughes, Ingold and Rao, 1950; Ingold, 1953) 
further provide confirmatory evidence. 


Sept., 1963] Ó. N. PERTI on Optical activity & Chemical constitution 221 


The rotatory dispersion studies also point to a similar configurational rela- 
tionship. Lifschitz (1925) observed that the copper complex of L-(+)-ala- 
nine shows anomalous rotatory dispersion in the visible range of the spectrum. . 
This work was later extended by others (Pfeiffer and Christeleit, 1937 ® b, 
Karrer and Meyer, 1937) to copper complexes in a series of a-amino acids. 
It was observed that with the exception of copper complex of L-(-)-proline, 
the amino acids of like configuration at a-asymmetric carbon atom show 
Cotton effect curves of a like sign with an extremum near 530 +10 mg. It 
was found that the Cotton effect curves of copper comlexes of L-(4-)- 
alanine and L-(--)—lactic acid are positive (Pfeiffer and Chriteleit, 19370), 
' Even though the Cotton effect curve of L-(--)-lactic acid has an extreme- 
ly small amplitude and has to be méasured in concentrated solution to 
avoid dissociation of copper complex, the general agreement with the curve of 
L-(+)-alanine was quite clear. Á much more suitable comparison is found 
when e-hydroxy acid alkyl dithiocarbonates (xanthates) are compared with 
the corresponding a-amino acid alkyl thiol-thio carbamates (urethane). “These 
. derivatives have been used in the quasi-racemate method of Fredga (1941, 
1942) and the rotatory dispersion studies by Sjoberg, Fredga and Djerassi 
(1959). The rotatory dispersion studies indicated that the sign of the 
Cotton effect curve of the a-amino acid dithio carbamate corresponds to. 
the sign of the Cotton. effect curve of the configurationally related a-hydroxy 
acid xanthate. Moreover, the dithiocarbamates of a-amino acids show 
strong Cotton effect curves, whose sign can be related to the configuration 
of the a-carbon atq. ; e _ & 

Itis fortunate that the initial tentative suggestions of Freudenberg et al 
regarding the stereochemical configurational relationship of L-(4-)-alanine ` 
and L-(+)-lactic aci coslirmed by later workers using different 
type of arguments. This should not lead to the view that the method based 
on optical rotation alone can provide unambiguous evidence in correlating 
one series of compounds with another. It may be mentioned that similar 
arguments were used by Levene et al (Levene, 1925; Levene, Mori 
- and Mikeska, 1927; Levene, Bass, Rothen and Steiger, 1929) and by Clough 
(1915, 1918) to assign D-configuration to (—)-a-halogen substituted car- 
boxylic acids because they showed a positive A—value on salt formation. 
Subsequent studies based on kinetics showed that they had I-configuration 
(Ingold, 1953). 

The interrelation between optical -rotation and spatial configuration of 
different amino acids have been studied in several different ways, The first of 
these studies were those of Clough (1918) extended by Freudenberg (Freuden- 
berg and Meister, 1935) and given a semitheoretical basis by Kuhn (Freuden- 
berg, 1933). These studies involved the changes in optical rotation on forma- 
tion of hydantoins and similar cyclic derivatives. It was found that all 
amino acids showed a negative A-value for hydantoin-neutral amino acid, a 
conclusion which pointed to the L-configuration of natural amino acids of 
animal proteins (Neuberger, 1948). Secondly, was the correlation of rotatory 
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dispersion and amino acid configuration by Karrer and Kasse (1919) which 
was later discredited by Wasser (1923). Thirdly, was the work of Lutz and 
Jirgensons (1930, 1931) dealing with the effect of pH on optical rotation 
of amino acids. It was found that all amino acids except isovaline showed 
a positive A-value for cation —neutral molecule. Mention be next made of the 
rotatory dispersion studies of Patterson and Brode (1943). Based on the 
study of 14 different amino acids using various conditions of pH and measur- 
ing rotations over the range 660 to 440 m»; they concluded that in the case 
of amino acids one of the following conditions are observed: ‘‘(1) the disper- 
sion is normal, pesitive and intercepts the zero axis in the region of the spec- 
trum above 205 mi; (2) the dispersion is normal, negative, and intercepts 
the zero axis in the region below 140 mp squared; (3) the dispersion is 
anomalous and the sign of rotation changes from negative to positive with 
decreasing wavelength." The rotatory dispersion studies were later extended 
by Otey, Greenstein, Winitz and Birnbaum (1955) and by Djerassi (1960). 
Following Djerassi if we define a chromophore as a group that has a well 
characterised absorption band in the Schumann region or above we find that 
for amino acids with no chromophore beyond the a-carbon atom, for amino 

acids with B-chromophores and for amino acids with chromophores beyond 

. the B-carbon atom, the dispersion measurements near 200 my represent a means 

of giving prominence to the —COOH band and give similar results as the acid 

shift studied by Lutz and Jirgensons. The rotatory dispersion studies in these 

cases can be summed up in a simple rule as given by Djerassi : ““L-amino acids . 
' with ng or weak chromophores on the.f-carbon atomwive plain, positive 

dispersion curves; amino acids with powerful chromophores on the -carbon 
atom show anomalies in the near ultraviolet or visible but conform at lower 

wavelengths." On the other hand, in the ape no acids with more 
than one asymmetric centre (threonine, isoleucine, phenyl-serine and amino tri- 

carballylic acid), cyclic amino acids (proline and hydroxy-proline) and cystine 

the dispersion measurements show a very different character of rotation and 

the observed positive acid shift for the L-form appears to be only a chance 
agreement. In these cases it is not possible to arrive at any generalisation. 


The dicarboxylic amino acids were studied by Pertzoff (1937) and have 
been described by Neuberger (1948). 


When attempts were made to apply the generalisations obtained in the 
case of amino acids to peptides, it were largely unsuccessful. -It is only in 
recent years that methods have been made available for the synthesis of 
polypeptides of high molecular weight (Blout and Karlson, 1956; Idelson 
and Blout, 1958; Bloutand Des Roches, 1959; Katchalski and Sella, 1958) 
and investigation of their rotatory power has been undertaken. It has been 
observed that the configurational factors relating to amino acids, the confor- 
mation of the polypeptide chain, the nature of the side chain attached to the 
B-carbon atom of the component amino acid and the length of the peptide 
chain influence the optical rotatory power in synthetic polypeptides. 
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A polypeptide chain in which the component amino Bd residues have 
no periodic interval structure is defined as being in the random coil "or the 
random conformation. In such a case their rotatory properties are simple 
and their dispersion can be described by a one term Drude- equation €. g., 
poly-l-benzyl-L-histidine and poly-y-benzyl-L-glutamate (Doty and Yang, 
1956). Following the suggestion of Pauling and Corey (1950) that the 
a—helix structure—a totally intramolecularly bonded structure—is of importance 
in synthetic polypeptides and proteins, Cohen (1955) indicated that changes 
in optical rotation that accompany the denaturation or unfolding of protein 
may be due to changes from helical structure to 4 more random conformation. 
Moffitt (19562 b), and Moffitt and Yang (1956) made the suggestion that 
such helices might behave optically as a single absorbing system (an exciton 
system) and derived a phenomenological equation: which was later modified 
by Moffitt, Fitts and Kirkwood (1957). When polypeptides are in a-helical 
conformation, such as poly-L-alanine, poly-L-lysine, poly-L-a-amino-n-but- 
yric acid (Downie, Elliot, Hanby and Malcom, 1957), poly-y-benezyl-L- glut- 
amate (Doty and Lundberg, 1957; Yang and Doty, 1957), poly-L-glutamic acid 
(Idelson and Blout, 1958), poly-L-lysine and poly-L-carbobenzoxy-L-lysine 
(Applequist, 1958) the*rotatory dispersion may be described by Moffitt equa- 
tion and.it is possible to estimate the helix content. Such a type of analysis 
does not appear to be applicable to poly-B-benzyl-L-aspartate (Blout and 
Carlson,.1958), poly-L-proline (berger, Kurtz and Katchalski, 1954; Kurtz, 
Berger and Katchalski, 1956; Steinberg, Berger and Katchalski, 195889'b), 
poly-o-acetyl-L-hydroxy proline, poly-L-hydroxy proline (Kurtz, Fasman, 

Berger . and Katdhalski, 1958),  poly-L-tyrosine, poly—o—acetyl—Iserine, 
` poly-lI-benzyl-I.-histidine, poly-L-serine, poly-L-histidine and poly-1-benzyl- 
L-histidine salt (Djerassi, 1960). Harrington and Sella (1958) are trying to 
analyse the data regardammeaeolin containing polypeptide. 


For lowér peptides Brand and coworkers (Erlanger and Brand, 195] &'b'o) 
Brand, Erlanger and Sachs, 19522’>; Sachs and Brand, 1953, 1954) noted ~ 
that optical rotation is affected by the chain length in molecules (2-6 peptide 
units). There is very little doubt that in polypeptides as well as in proteins 
there may be helical or random conformation or both together. There are 
other possibilities also such as B-, non-helical or non-random conformation. 
Robinson and Bott (1951) showed that optical rotation ofa polypeptide series 
of various molecular weights did not change when the solvent wasone that 
induced the random conformation of the polypeptide thereby indicating that 
ina random conformation the length of chain beyond a certain size will 
probably have little effect on the optical rotatory power. In the case of 
helical conformation, the basic unit is six peptide links and there is evidence | 
to indicate that hélices” may be formed in organic solvents when the chain 
length is only slightly above six such residues (Idelson and Blout, 1957). 
Here, therefore, the question of chain length becomes quite important in all 
considerations of optical rotátión data (Schellmann and Schellmann, 1958). 
It is worth mentioning that helix stability may be lower in aqueous media. 
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than in organic solvents (Schellmann, 1955). The “B” ‘conformation A 
twofold screw) of a polypeptide gives rise to different optical properties as 
compared with helical conformation as first demonstrated by infra-red . 
spectroscopic measurements (Ambrose and Elliot; 1951; Blout and Asadourian, 
1956). In the case of a low molecular weight polypeptide of. poly benzyl- 
 L-glutamate (Yang and Doty, 1957) it was found that in high concentrations 
in chloroform the positive rotation increased with diminishing wavelength and 
"at low concentrations the rotations became more negative with decreasing 
- wavelengths: This indicated a non-helical non-random conformation where 
the optical behaviour is probably due to inter molecular hydrogen 
‘bonding which is the basis of dissymmetry giving rise to Bee roi 
power. 


. Great caution is necessary in such studies as there is evidence tc 
indicate that polypeptides may change conformation in different solvents | 
(Doty and. Yang, 1956) and at different temperatures (Doty, Wada, Yang and - 
Blout, 1957). According to Schellmann (1958) inverted transitions can occur 
only in solvent mixtures and then only when the entropy ofunfolding changes 
Sign. è PCI a : 


The polypeptides ‘containing proline and hydroxyproline which are not. 
- truly amino acids but imino acids may also be mentioned here. Poly-L-. 


proline (Berger, Kurtz and Katchalski 1954) when prepared fresh showed ac 


small positive rotation but in acetic acid after 100 hours it showed a strong” 
negative rotatiou of —5409 (Kurtz, Berger and Katchalski, 1956; Steinberg, 
Berger and Katchalski, 1958). This mutarotation was explained as probably 
involving cts-»irans change around the peptide link. Studies of Blout . and . 
Fasman (1958) indicate that poly-L-proling as originally . obtained possesses 

, neither random nor a—helical conformation. | 


The data available at present in regard to Optical Sane power of 
peptides is very meagre and it is yet too early to arrive at any useful 
" generalisations in regard to their conformation, chain lengths, cross linkages ` 
and so on. - i > 


The optical rotatory power of proteins presents still more complex 
problems. The number and kind of amino acids and their sequence in the 
protein molecule are bound to effect the rotatory power. Moreover, the 
molecular weight of. protein and its conformation are likely to be beeen 
factors. Some of the results so far obtained are briefly described: below. 


The rotatory dispersion of many proteins. can be expressed by a' one 
term Drude equation and the dispersion constant is found to vary systema- 
tically with the extent of the folding ' (Linderstrom-Lang and Schellmann, 
1954). The dispersion constant in aqueous solution appears to- indicate the 
helix content of proteins (Yang and Doty, 1957). Jirgenson (1957, 19589 t'ed; . 

- Jirgensons and Straumains, 1957) has classified proteins into three groups. 


e 
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according to their rotatory power viz., (i) those which show decrease in the 
dispersion constant upon ionisation and denaturation, (ii) those which show 
practically very little change of dispersion constant upon denaturation, and 
(iii) proteins whose dispersion constant rises upon denaturation. Perlmann's 
detailed investigation (Perlmann, 1959) of pepsin in aqueous solution showed - 
an increase of dispersion constant under the influence of denaturing agents. 
Cohen and Szent-Gyorgyi (1957, 1959) studied fibrous proteins by x-ray 
diffraction method and have made the suggestion that these fibrous a-proteins 
may consist of cables of a-helices in a supercoil conformation or ‘coiled 
coils (Crick, 1953;. Pauling and Corey, 1953). The recently investigated 
fibrous protein Dun tropomyosin (Kay and Bailey, 1959) is found to be 
similar in optical behaviour as early investigated fibrous proteins. Both 
collagen and gelatin are found to show a rotatory dispersion which can bs 
expressed by Drude’s one term equation (Cohen, 1955). The effect of 
temperature on rotatory power of proteins -has also been studied . (Schellman, 
1958; Simpson and Kazmann, 1953; Jirgensons, 195804) and it has been 
found that the temperature dependence of protein conformation is very 
complex. Solvent; as pointed out in the case of polypeptides, has also profo- 
und influence as it can change the conformation from helix->random 
(Harrington and Schellman, 1956; Doty, 1959). 


It is yet too early to say anything definite about the correlation of 
. conformation with optical rotatory power . in the case of proteins. All that 
can be safely said id that it appears possible that rotatory dispersion measure- 
ments may possibly throw light on general conformations in proteins. 


4. Steriods—The Jation ef-optical activity and chemical constitu- 
. tion has proved to be of great significance in the field of steriods where we 
have a fairly flat and rigid molecule, and, where in many compounds it 1s 
found that functional groups are widely separated and are generally free 
from vicinalaetion. The early work in this field is due to Clallow and Young 
(1936) and to Lettre (1936). This was followed by studies of Bernstein et al 
(Bernstein, Kauzmann and Wallis, 1941; Bernstein, Wilson and Wallis, 1942; 

Bernstein, Hicks, Clark and Wallis, 1946) and Barton and Collaborators 
(Barton, 1945, 19469'5, 1949). It was found.that the principle of optical 
. Superposition is very much applicable in the field ofsteriods and their deriva- 
tives. Barton has given the Method of Molecular Rotation Differences 
which is a slight variant of the generalrule ofshift. In the case of steriods 
-1t is generally found that the. molecular rotation of a steriod is the sum of 
- the rotation of the fundamental structure (androstane, pregnane or cholestane) 
and the rotational contributions of ‘the functional groups (usually called 
A-values). The rotational contribution of the functional groups are 
generally found to be independent of one another (Barton and Jones, 1944; 
Barton and Klyne, 1948) but in certain casés where either the groups are 
placed in close proximity or there are highly unsaturated groups present.in 
the steriod the vicinal action cannot be neglected. Barton and. Cox (1947, 
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1948) have summarised their findings about vicinal action:' “Substituent 
groups may be divided into three classes: (i) Those causing no anomalies . 
in the molecular rotation, i. e., C-H, C-C, C-OH,-O-, groups which are not 
easily polarised and which do not distort the molecular framework. (ii). 
Those causing.major anomalies only in presence of class (iii) substituents, 
i, e., C-Br, C-OAc, C-OBz, C=O, C=C; groups which are more or less 
easily polarised but which do not cause a high degree of strain in the molecu- 
lar framework. (iii) Those causing, in general, major anomalies if another . 
member of class (ii) or (iii) is present, i2., C=C, C=C-C=O, C=C-C=C; 
groups which are easily polarised and which distort the molecular frame- 
work. Clearly there is no rigid dividing line between the groups placed in 
classes (ii) or (ii), and, for example, the ethylenic linkage must be placed in 
both of these classes." It has further been found that there is a rough 
correlation between the optical anomaly, the number of saturated carbon 
atoms between the two substituents and the absorption maxima in the 
farthest ultraviolet characteristic of the two substituents. In several cases the 
optical rotation datá has been found to be useful in locating the position of a. 
group or substituent in the steriod molecule. In a-spinasterol the position of 
the nuclear bond was thought to be at C,-C,, (Fernholz and Ruigh, 1940) 
or at C,-C, (Stavely and Bollenback, 1943) but optical rotation values indic- 
ated the location at C,-C, which was later confirmed by synthetic studies 
(Barton and Cox, 1948b'c; Fieser, Fieser and Chakravarti, 1949). The con- 
figuration of hydroxyl at C,, in the case of pregnane-3a, 17a-20-trjol (Butler - 
and Marrian, 1937, 1938) was shown to be a- by Klyne 949) who compared 
. itwith O and J adrenal substances of Reichstein (Steiger and Reichstein, 
1938). The steriod alkaloid rubijervine was shown by Sato and Jacobs (1949) 
to have the additional -OH at 12-a- position. Fron} the urine of pregnant 
mares a hydroxy ketone was obtained which was found to be androstan-3f- 
ol_x-one (Heard and McKay, 1936). It was found. to be not identical with 
` androstan-3f-ol-7-one (Heard and McKay, 1946) and optical rotations 
indicated either position 15 or 16 for the keto group. Later it was found to 
be 16 (=x) (Huffman and Lott, 1951). | 


A detailed examination of the rotatory dispersion curves in the steriods 
has given fruitful results. Djerassi et al and others have examined from 
1955 onwards a number of ‘saturated’ steriod ketones and aldehydes. ‘Satu- 
rated’ here means those steriods in which there is no double bond in close ~ 
proximity to the carbonyl group. The result ofsuch studies (Djerassi, Clos- 
son and Lippmann, 1956; Foltz, Lippmann and Djerassi, 1955; Djeras3i and, 
Closson, 1956; Djerassi and Ehrlich, 1956; Djerassi, Riniker and Riniker, 
1956; Pelletier and Locke, 1957; Djerassi, 1957; Djerassi, Osiecki, Riniker 
and Riniker, 1958; Djerassi, Halpern, Halpern, Schindler and Tamm, 1958- 
Djerassi, Halpern, Halpern and Riniker, 1958; Schroter, Tamm and Reich : 
stein, 1958; - Nehr, .Desaulles, Vischer, Wieland and Wettstein, 1958; 
Bowers, Ringold and Denot, 1958; Rapala and Farkas, 1958; Schmid, Ue- 
hlinger, Tamm and Reichstein, 1959; ¡Nussbaum, Popper, Oliveto, Friedman 
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and Wender, 1959; Beal, Rehenstorf and Pike, 1959) indicated that in the. 
ultraviolet the feta don values of a > C=O containing substance are invari- 
ably greater than those of the corresponding compound not having this group. 
This is due to the Cotton effect. Better differences are obtainable in the 
ultraviolet region where the contrasts are more marked. In such com- 
pounds the rotatory dispersion data offers excellent means in locating the 
carbonyl group. In the case of the alkaloid rubijervine mentioned earlier, 
the rotatory dispersion data of the derived kétone indicated it to be a 12- 
keto steriod thereby indicating that one of the hydroxyl group is at position 
12 (Pelletier and Locke, 1957). Reichstein and collaborators used with ad- 
vantage the rotatory dispersion curves of steriodal aldehydes (Djerassi, Hal- 
.pern, Halpern, Schindler and Tamm, 1958) to narrow down the structural 
possibilities of bufotalinin (Schroter, Tamm and Reichstein, 1958) and pachy- 
genin (Schmid, Uehlinger, Tamm and Reichstein, 1959). The correlation of 
the Cotton effect curves of the 20-keto group in pregnane derivatives (Foltz, 
Lippmann and Djerassi, 1955; Djerassi, 1957; Djerassi, Halpern, Halpern, 
Schindler and Tamm, 1958) with the 17-8 oriented side chain has been used 
with advantage in locating the carbonyl group in 5a-pregnane-3B, 16a-diol- 
20—one (Nehr, Desaulles, Vischer, Wieland and Wettstein, 1958). Djerassi 


(1959) has fully reviewed examples of the application of rotatory dispersion 
data in settling such stereochemical problems. 


In the case of a, B-unsaturated steriod ketones it is found that the low 
intensity, long wavelength band (above 300 mu) is very sensitive to the pola- 
rity of the solvent employed (Cookson and Dandegaonker, 1955). Djerassi, 
Riniker and Riniker (19565) examined the effect of three solvents —methanol, 
dioxan and octane —o e rotatgry dispersion curve in the case of A*-choles- 
ten-3-one. They ou tas the polarity of the solvent has the same effect 
upon the rotatory disp¥rsion picture as upon the ultraviolet absorption. In 
most of the rotatory dispersion work in this field the most suitable solvent 
has been found to be dioxan. In these compoundsit is found that on the 
whole the nature of the angular substituent is of no particular significance 
but its orientation governs the sign of the Cotton effect curve. This enabled 
the assigning of a-orientation to the angular hydrogen atom at C-5 in the 
case of 19-nor- A1(19)-androsten-178—ol-2-one (Fishman, 1958) by compar- 
ing its rotatory dispersion curve with that of 19-nor—testosterone (Pederson 


et al, 1956; Perez, Irarte, Kincl and Djerassi, 1958). Similar arguments were 


. used in deciding the configuration at C-10 in the case of 19-nor-14B, 17a- 
, progesterone (Barber and Ehrenstein, 1957). 


In the case of steriodal diket- 
ones (Djerassi and Closson, 1956) sufficient data has not yet been collected 
to arrive at useful generalisations. 


The rotatory dispersion studies have also been extended to bicyclic and 
' tricyclic ketones (Djerassi, Riniker and Riniker, 1956°; Djerassi and Klyne, * 
,1956). It has been found that qualitatively speaking the characteristic rota- 


tory dispersion picture is governed by the spatial environment (i.e., structural, : ` 
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" ‘stereochemical and conformational) surrounding the carbonyl group. Hence 
it is possible to compare analogous structures to decide about spatial arran- 
gement. By comparing the rotatory dispersion curve of des-A- A?*-lumisten 
-5-one, a degradation product of lumisterol (Castells, Jones, Meakins and 
Williams, 1959), with 4B-methyl-coprastan-5-onc (Djerassi, Halpern, Hal- 
pern and Riniker, 1958) it is possible to provide evidence for the stereo- 
chemistry at C-9. The stereochemical configuration of the four reduction 
products of (-)-a-santonin were suggested by Djerassi, Riniker and Riniker 
(19568) on the basis of rotatory dispersion analysis, which were subsequently 
found to be correct (Yanagita and Futaki, 1956; Yanagita and Ogura, 1957; 
Cocker and McMurry, 1958). The two hydrogenation products of B-nor . 
-cholesterol were assigned certain conformation of rings A/B (Dauben and: 
Fonken, 1956) and rotatory dispersion studies (Djerassi, Marshall and Naka- 
no, 1958) pointed to opposite conformation, Later work (Goto and Fieser, ` 
1959) supported the conclusion based on rotatory dispersion data. By ana- 
logy Klyne has suggested that cis-10-methyl-2-decalone probably exists in 
non-steriod form (Klyne, 1956). Such analogies are, however, not always 
unambiguous as is provided by the case of D oe eccs lone (Djerassi 
and Marshall, 1958). ! 


|. In the case of T bicyclic ketones it appears that tricyclic 
ketone type of analogies are possible. Thus the rotatory dispersion .curves 
of (58, 10S) or (58, 10R)—5-hydroxy-10-methyl- A1(9)-2-octalone (Djerassi, | 
. Osiecki and Herz, 1957; Prelog and Acklin, 1956) are found to be very simi- 
lar to A*-3-keto-steriods; the similarity of the rotatory ocean curve of | 
carissone with A‘*-3-keto-steriods points to  f-orientation of the 
angular methyl group in this compound and «a-orieptation of the angular 
methyl group in the case of 1, T dimethyl 2 keto- A99) dea phe- 
nanthrene (Djerassi, Riniker and Riniker, 19565). "he differences in the 
multiple Cotton effect curves of a-cyperone and epi-a~cyperone (Djerassi - 
Riniker.and Riniker, 19564), and, a- and f-vetivone (Djerassi, Riniker and 
Riniker, 19565) are quite marked. Djerassi, Riniker and Riniker (19565) 
point to the similarities of the rotatory dispersion curves of helenalin and 
tenulin as providing additional evidence for the proposed structure of tenulin 
quen s Rosenthal, 1956). 


5. Terpenoids—The structure of triterpenoids and steriods is very 
similar. In both cases the ring union AJB i is trans (Barton and Holness, 1952) 
and the angular methyl group occupies a similar position. Rotational evi- 
dence showed clearly that they are all parallel enantiomeric type (Klyne, 
1952), This is further supported by asymmetric syntheses carried out by 
Prelog et al (19530'b"c*4) and the synthesis of lanostenol from cholesterol 
(Barton, Ives, Kelly, Woodward and Patchett, 1954% b}, 


- Barton and Jones (1944) were the first to correlate the rotation and 
structure in the three main groups of triterpenoids, namely, a-amyrin, $- 
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amyrin and lupeol-betulin, They found that in these terpenoids A-value 
for acetylation, benzoylation and éxidation at C-3' are very characteristic. 
The ring unions of the 8-amyrin group of triterpenoids are irans-anti-irans— 
anti-trans—syn—cis (Barton and' Holness, 1952; Abd El Rehim and Carlisle, 
1954) and if the formulae of these compounds are rewritten following steriod 
conventions as suggested by Halsall, Jones and Meakins (1952) we find that 
the rings BCD are of the same type as the rings BCD of the A/B trans series _ 
steriods. Klyne (1952) has.tabulated rotational differences for intermediate 
rings in the f-amyrin terpenoids and the corresponding steriods. It was 
found that molecular differences ( A-values) for many (not all) olefinic, ket- 
onic and conjugated groups in the two series are of similar sign and frequ- - 
ently of the same magnitude. The rotational differences of olefinic linkages 
in ring D and E generally support the structures based on chemical evi- 
dence (David, 1949; Davy, -Halsall and Jones, 1951; Davy, Halsall, 
Jones and  Meakins, 1951;' Barton, Brooks. -and Holness, -19518*D; 
Barton and Holness, 1952). The Rule of Shift has also been applied to 
the nucleus and the side chain of lanosterol (Barnes, Barton, Fawcett 
and Thomas, 1953, 1954). In such studies of the Rule of Shift at 
_ present no satisfactory FEDERER HORE is rave in several cases of Seon 
known. | 


The Cotton effect curves are often found to be very sensitive to confor- 
mational alterations and so rotatory dispersion studies were extended to. 
‘this group of compounds (Djerassi, Halpern, Halpern- and Riniker, 1958; 
Djerassi, Osiecki and Glosson, 1959). It is found that similar rotatory dis- 
persion curves are given by compounds having the same conformation of 
rings and vice-versa. Thus: dihydrobutyrospermone and masticadienonic 
acid have Cotton eff rves wMich resemble closely that of A*-lanosten- 
3-one pointing to 9-alprientation in dihydrobutyrospermone. A°-cholesten 
3B-ol-7-one acetate is fyund to exhibit multiple Cotton effect curve of enan- 
tiomeric sign to that of A%4-3-keto steriods and when two methyl groups are 
introduced in position 4 the rotatory dispersion curve becomes inverted recalling 
the pair testosterone and 6f- methyl testosterone. The rotatory dispersion cur- 
ves of B-amyrone and A?-lanosten-3—one resemble one another pointing to a 
common conformational denominator and thus providing a support to the 
earlier studies of Barton, Head and May (1957) showing virtually identical ` 
condensation rates of these compounds with benzaldehyde. The rotatory 
dispersion curves of bauerenone and iso—bauerenone (Lahey and Leeding, 1958) 
bear the same relationship to each other as those of A”-lanosten-3-one 
and A*-lanosten-3-ons pointing toa parallel conformational relationship. 
The similarity of the rotatory dispersion curves of gypsegenin methyl ester 
and quillaic acid methyl ester indicate identical stereochemical attachment 
of the aldehyde function. The rotatory dispersion can indicate the stereo- . 
chemical assignment of methyl groups adjacent to the carbonyl group. In the 
case of a P-unsaturated triterpenoid ketones rotatory. dispersion studies appear 
to help in indicating stereochemical and conformational alterations. At 
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present, however, the available dáta is meagre and further study alone can: 
show the extent of reliability of such rótatory dispersion studies in ' solving 
stereochemical and conformational problems in triterpenoids. 


Diterpenoids are closely related to triterpenoids. The work dealing 
with the chemical correlation ofthe A/B ring in these types of compounds 
has been reviewed by Barton (1949) and by Ruzicka (1953). Barton suggest- 


ed that abietic acid has substituents at C-13 and C-12 trans which makes it . 


an analog of cholesta-3,5-diene and it is found that the A-values for the 
conjugated double bonds in these compounds are of the same sign and order 
of the magnitude. Ina like manner optical totation points that in laevo- 
pimaric acid C,,-H is cis to C,,-CH,. -Neoabietic acid (Harris and Sand- 
erson, 1948 *b), on the basis of optical rotation, is apparently analogous 
to 3-methyl-enecholest-4-ene (Musgrave, 1951). Optical rotation has also 
been used (Vogel, Jeger and Ruzicka, 1951) to correlate the stereochemistry 
of the carboxyl groups in gypsogenin and a-—boswellic acids (triterpenoids), 
and, abietic acid and pedocarpic acid (diterpencids). 


In the case of other terpenoids the optical. rotation studies have been 
mostly confined to menthol and camphor derivatives. Isomeric menthols, . 
menthylamines - and related compounds were studied by Read (1930; Read and 
Grub, 19340»). Rule (1930) found the (M) values for nine substituted acctates 


of (—) —menthol to range from —1570 to —1740 as compared with -1579 for un- 
substituted ester indicating that the rotation of the ester is more or less indepen- 
dent of the nature of the symmetrical component. Rupe (19)4; Rupe et al, 1930, 
1932, 1940) studied the validity of the principle of superposition, and, unsa- 
turation in camphor derivatives. He examined the rotatory power 
of esters obtained from optically active alco and optically. active 
acids (both camphor derivatives). It was noted that the gontributions were more 
or less additive if both the components of the este# were saturated or even 
if one of them was unsaturated. However, serious discrepancies occurred if 
both the components were unsaturated. The work of Rupe et al has been 
reviewed in the obituary of H. Rupe by Dahn and Reichstein (1952). The 
sensitivity of optical rotation even at points away from asymmetric centre 
is amply illustrated by the study of amino derivatives of oxymethylene 
` camphor and (4-)—camphor—10—sulphonic acid. In these derivatives the 
rotatory dispersion in the visible region is simple and can be expressed by 
Drude's one term equation. In table 5 is given the -specific rotatory 
power of arylamino derivatives of oxymethylene camphor in different solvents 
(Singh, Bhaduri and Barat, 1931, Singh and Bhaduri, 1937,.1939, 1942; Singh 
and Barat, 1940; Singh and Lal, 1940; Singh and Sen, 1943; Singh and 
Tewari, 1945, 1946), 
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TABLE 6—(Contd.)' 
Rotatory power of amino derivatives of (-1-)-camphor- 10-sulphonic acid in non-aqueous solvents 


CH3-H- | 





| E. 
| CHa— — —6G — co (a) gyi solvent 
S. No. | 
n? Res | CH¿—C—CHa | 
| l 
CH,—————- CH CH, Mc.OH | EtOH | CHN | Ac.OEt | CHCl, | Acetone 


41. R. S0, .H NS 39:00 42:50 TT eeu D000 


ta CHa ; 

42, .50_-;H x ? 42°00 ` 40°50 a ies 45-00 

| Bore 2 Mo, | 
48. |. R.SO, -H | 28:00 | 30:00 33:97 iis T 
44. R.SO.4. up p l 81:42 34-50 35:98 
45. "dj 24°97 36:47 |^ 39-00 
- 46. 94-54 109-1 107-6 " ^ 13074 
47. e. 101:3 119:5 | 108:8 " 146:1 
48. 91:35 113-7 103-0 " 164-4 125-9 
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Rotatory power of amino derivatives 


TABLE 6—(Contd.) 
of (-+-)-camphor-10-sulphonic acid in non-aqueous solvents 








CH,-H- 








(a)5461 in solvent 


| 
R= CHa—0—CHs | á 
CH; CH 2 Me.OH | Et.OH | CHN | Ac.OEt | CHCls | Acetone 
31. R.S0,.H,N CH, NAN 43:25 45:00 37:50 41-08 
.| R.SO_.H,N.CH_.C 
32.] R $04 HN C 2 Ha 40-82 43-29 
3. * e N.CH «CH CH * . " į 2 
33. | R S0, Hj ¿A M CHa. ch, 36:67 38:50 43°50 46-00 
34. á .CH_.CH_.0H | -03 40-11 1:86 1:69 
R. So, HN. 2 2 38 : 41:8 34 
35. | R. SO ¿HN - «CH, ¿CH = CH, 36°27 37°49 46°83 39°59 
36: | R.SO gi "nw 41:49 43-05 39:80 46-00 
37. n i 23-00 22-30 21:08 
38. | R. n oH N 27°45 29°93 30-00 a 
] cH Ha, 
39. | R.SO Msn 38-00 39-00 50-00 - 
da 
. - CH » . . 
40. R.S04 HC be | 42:00 40°00 52:00 
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In these derivatives (tables 5,6) the rotation differences are small indicát- 
ing that the main contribution to optical rotatory power is not much effécted 
by constitutional changes at a point remote from active centre. However, 


. there are slight differences in rotatory power and itis generally found that 


the substitution of an electropositive group in place of hydrogen causes a 
slight enhancement in rotation and an opposite effects .is seen if hydrogen is 
replaced by an electronegative group. The magnitude of rotatory power i8 
found to be slightly different in different solvents indicating the importance of 
choice of solvent in all comparisons of rotatory power. It is also worth 
noting that even in these derivatives introduction of unsaturation causes a 
marked change in rotatory power. 


Aryamino derivatives of camphor, obtained by condensation of arylam- 
ines with -camphorquinone (Lowry and Cutter, 1925) -have also been 


- extensively studied by Singh et al. Singh and Mazumdar (1919) studied the 


rotatory power of some naphthylimino camphors and derivatives of phenylimino 


camphor obtained by condensation of camphorquinone with o-,m- and p- . 


toluidine, o-,m- and p-bromanilines, o- and m-chloranilines, a- and B-naphth- 
ylamine, aniline, o- and m-phenylene diamine and o-anisidine. This work was 
later extended to m-toluenebisiminocamphor, m-toluenebisaminocamphor and 
ar-tetrahydro-a-naphthyliminocamphor (Singh, Singh, Dutt and Singh, 1920). 
A high molecular rotatory power is displayed by products of condensation of 
camphorquinone with arylamines (Forster and Thornley, 1909). Singh and 
Singh (1920) noted the remarkably high rotatory power of 1 : 4-naphthalene- 
bis-iminocamphor [(M) p=8175" in chloroform]. Singh, Singh and Lal 
(1921) found high rotatory power in o—o'-ditolylbisiminocamphor, o-o”- 
dimethoxydiphenylenebisiminocamphor, p-p'-diphenylenebisiminocamphor and 
p-p'-bisiminocamphor Tiphenylamine, and noted that the effect of.the 
substituents in order of diminishing rotatory power is H»» CH, OCH,. The - 
measurement of absorptior spectra (Singh and Rai, 1926) of these types of 
compounds shows nagd compounds which possess a greater number of 
unsaturated conjugated linkages have greater absorption as well as greater 


rotation. The reduction ofthe azethenoid group (Singh and Bhaduri, 19308) 


in p-phenylenebisiminocamphor, p—p’—diphenylmethanedisiminocamphor and 
p-iminocamphor diphenylamine causes a phenomenal lowering in the rotatory - 
power. The effect is much less marked if the conjugation in the side chain 
(1. e., outside the terpene nucleus) is broken (Singh and Bhaduri, 1931). That 


unsaturation does not always lead to enhancement of rotation in such 


derivatives was observed by Forster and Seville (1921). Singh and Bhaduri 
(1931^) found a ‘similar irregularity in the case of lower rotation -of o—o”-- 
stilbenebisiminocamphor as compared to  o-o'-dibenzylbisimino camphor. 
Generally, however, unsaturation is found to cause an increase in rotatory 
power as can be seen by a comparison of rotatory power of aryl derivatives of 
aminomethylene camphor, which form an intetmediate series of compounds 
to the corresponding ‘derivatives of iminomethylene ‘camphor and aminomethy- 
lene camphor (Singh; Bhaduri and Barat, 1931; Singh and Bhaduri 19310), 
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The unsaturated groups if present in conjugated form are more effective 
(Singh and Bhaduri, 1932) and if conjugation is destroyed there is a 
phenomenal fall in the magnitude of rotatory power (Singh and Kapoor, 
1949). In these compounds the quinoline ring appears to have a lower 
rotatory contribution than the naphthalene ring (Singh and Kapoor, 1950). 
In the case of phenyl, o-,m- and p-tolylamino and imino camphors, the 
rotatory power of amino derivatives is only about 10% of that of the 
corresponding imino derivatives (Singh and Singh, 1951). The rotatory 
dispersion. of ó-,m-,p-chlorophenylimino-(--)-camphors, and, phenyl, o-,m- 
and p-chlorophenylamino-(-4-)-camphors were studied by Singh and Seth 
(1956) who found that the remarkable fall in the molecular rotatory powers of 
arylimino camphors on their reduction to arylamino compounds may be corre- 
lated with a break in the conjugation of the double bonds of the carbonyl, 
azethenoid and phenyl groups present in the. arylimino derivatives. It was | 
also noticed that the fallin rotation is most in the para substituted compounds 
. and least in the ortho substituted ones. The fall in the unsubstituted compounds 
. was found to be intermediate between those of para and meta derivatives. 
Similar results were obtained by Singh and Saxena (1958) in their study of 
rotatory dispersion of o—-,—m,-p-methoxy and ethoxy phenylimino-(-+)- 
camphor. Most of the camphorquinone derivatives described above show 
simple rotatory dispersion and their dispersion data can be expressed by one 
term Drude equation. In the case of p-iodophenylamino camphor, however, 
the rotation in chloroform (4%) can be expressed by simple Biot’s equation 
(Singh, Basu~Mullick and Bhaduri, 1931). 


(+-)-Camphor-f-sulphonyl arylamides show simple dispersion and it 
is found that achange of substituent in the aryl part of the molecule has 
influence on the magnitude of the rotatory power. Sangh and Amma (1954) 
studied the rotatory dispersion of (+)-camphor-f-sulphonyl-phenyl-and o-, 
m- and p-chlorophenylamides. This work was later extended to the determina- 
tion of rotatory dispersion of ders ari reg si. "a eget dini 
phenylamides (Singh and Amma, 1956). It was foun that the rotation is 
generally controlled by a low frequency corresponding to the ketonic group 
of camphor and sometimes by a high frequency characteristic of the saturated 
molecule. Singh, Verma and Murty (1956) examined the rotatory dispersion 
of (+)-camphor—f-sulphonyl-phenyl, o-tolyl, m-tolyl, p-tolyl, a-naphthyl 
and B-naphthylamide. It was found that (J-)-camphor-f-sulphonyl-phenyl 
amide exists in dimorphic forms (a- and £-) and both the forms have identical 
rotatory dispersion, and, the transformation of a— into B— form takes place at 
about 118.89. Singh and Verma (19572 1958) later extended this work to 
the determination of rotatory dispersion of (4-)-camphor-fi-sulphonyl- 
nitrophenylamides (o-, m- and p-), (4-)-camphor-f-sulphonyl-methoxy- 
phenylamides (o-,m- and p-), (--)-camphor-f-sulphonyl-ethoxy-phenylamides 
m- and p-), (o-, m- and p-)-phenylene-bis-(+)-camphor-—P-sulphonylamides 
and, (-4-)-camphor-f-sulphonyl derivatives of benzidine, tolidine, dianisidine, 
4,4'-diamino-diphenyl methane and 4,4'-diamino-dlphenyl sulphone. All 
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these derivatives showed simple dispersion and their rotatory power in the 
visible region of the spectrum could be expressed by Drude’s one term equation. 
Here it may be pointed out that (+)-camphor-f-sulphonamide shows 
anomalous rotatory dispersion (Richards and Lowry, 1925) in 10% solution 
in chloroform but its rotatory dispersion in methanol, - pyridine, acetone, 
ethyl acetate or benzene is simple (Singh and Amma, 1956). It is interesting ` 
to note that while D-camphor (Lowry and Cutter, 1925) and D-camphor-f-- 
sulphonamide are dextro rotatory, D-camphor-f-sulphonanhydramide is laevo 
rotatory. Though the preparation of these compounds was described by 
Reychler, it was the work of Lowry and Armstrong (1902) which showed 
that these compounds were not isomers but the one having higher melting- 
point was the anhydride of the other. The kinetics of conversion of D-cam- 
phor-f-sulphonamide, into D-camphor-P-sulphonanhydramide in methanol 
or acetone in presence of sodium ethoxide showed that the reaction was 
monomolecular (Singh and Amma, 1956). 


Amongst other terpenoid derivatives studicd mention be made of the 
following : camphoramide (Tefel and Eckstein, 1901); camphoric anhydride 
(Lowry, 1903); menthyl and bornyl xanthate,. and, menthyl, bornyl and 
fenchy! dithiourethanes (Tschugaeff, 1909; Tschugaeff and Ogorodnikoff, 
1910, 1911, 1912, 1913; Lowry and Hudson, 1933); camphorimide, camphor 
benzylamide, benzyl camphoramic acid (Singh and Biswas, 1924); a-bromo- 
camphor and aa’—dibromo camphor and the corresponding chloro compounds 
(Cutter, Burgess and Lowry, 1925); Camphor-f-sulphonic acid (Richard 
and Lowry, 1925); phenyl, o-, m— and p-tolyl and -naphthyl derivatives of 
(+-)-camphorimide "and (+)-camphoramic acid (Singh and Puri, 1926); 
camphor carboxylic acids, camphors and borneols (Singh and Nayar, 1948); 
santonine group of sesqmiterpenoids (Huang-Minlon, 1948; Barton, 1950); - 
longifoline and .camphene (Curisson, 1953); phenyl, o-nitrophenyl, p-nitro- 
phenyl and 2:4-dinitrophenyl hydrazones of. (4-)-camphor-f-sulphonic acid 
(Manhas and Banerji, [> 


Inspite of the large amount of rotatory power data available in the 
case of camphor. derivatives and related compounds, no systematization 
of structural relationships has yet been made, The structural and con-' 
formational problems in camphor and related compounds are yet to be 
systematically analysed.: The data available, however, emphasizes that the 
effect of structural factors in one series of compounds is not necessarily the 
. Same in another series of compounds howsoever closely related. Great caution 
is, therefore, needed in extending analogies based on optical rotation data alone. 


6. Others—Application of rotational data to structural correlation 
has been attempted in other types of cómpounds also. These attempts have, 
however, not "always given unambiguous ‘results. The most: important of 
these groups of compounds are alkaloids. Enibde (1930) attempted the 
application of rotational evidence to structural correlations among morphine 
group of alkaloids. This attempt was criticised by Freudenberg and Kuhn 
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(1931). A similar attempt has been made in the quinine group of alkaloids 
(Embde, 1932; Prelog and Hafliger, 1950). Leithe (19305'5,1931 1934) applied 


rotational evidence to structural problems in laudanosine series. A similar 
correlation has been tried in the yohimbine group of alkaloids (Klyne, 1953). 


Some alkaloid molecules appear to be quite sensitive to changes in opti- 
cal rotatory power. Minguin (1905) prepared some salts of strychnine with 
organic acids.and investigated their optical properties in a mixture of 
benzyl and ethyl alcohols. Hilditch (1908) used alkaloids like strychnine, 
‘brucine, quinine etc. for preparing optically active salts. Salts of brucine 
with benzoic and substituted benzoic acids have been studied by Manhas 
and Banerji (1957%'b;.1959% ; Banerji, 1957) who found that these com- 
pounds exhibited simple rotatory. dispersion which could be expressed by 
Drude’s one term equation. Various substituents in the benzene part of these 
compounds were found to have an effect on the optical rotatory power. In 
the case of ortho substitution the order of rotatory power, was OH<NH, <I 
<H<Br<Cl<NO,: meta substitution gave the order OH<H<I<Br<NO, : 

. «Gl, and para substitution OH «I <Br<NO,<iNH,<Cl. A similar study of 
strychnine salts of benzoic and substituted benzoic acids (Perti, Pant and 
| Ghildyal, 1960; Pant, 1960) indicated that substituents in the benzene part 
of the molecule effect the magnitude of optical rotatory power. The effect 
of nitro group is specially very marked and causes an abrupt decrease in 
rotation (Perti and Pant, 1960). Benzoic and substituted benzoic acid salts 
of quinine (Manhas and Banerji, 1959»). exhibit similar sensitiveness of opti- - 
cal rotatory power to substituents in the aromatic part of the molecule. 
Salts of acetic, propionic, butyric, phenyl acetic, f-phenyl propionic and. 
- cinnamic acid with cinchonidine also show similar results. (Manhas and 
Shukla, 1960), These studies point to the danger of drawing conclusions 
regarding structural or conformational make-up ofa molecule simply on the © 


basis of slight rotational differences. 
Djerassi and Krakower (1959) mA IR dispersion of a 
series of 3-methyl cycloalkanones with a view to trace the effect of the ring 
- Size in these compounds. Cyclisation is known generally to cause an enhan- 
. cement in rotation (Kauzmann, Walter and Eyring, 1940; Mislow and Ham- 
ermesh, 1955). The rotatory dispersion studies of Djerassi and Krakower 
indicate that in six or seven membered ketones the conformation is other 
than the chair form. Djerassi and Geller (1959) have measured the rotatory 
dispersion of a series of homologous aldehydes (Levene and Rothen, 19369) - 
and methyl ketones.. These results have been used as the basis of analogy 
to suggest absolute configuration of - Tere (Crabbe, Djerassi, Eisenbraun 
and Liu, 1959). < 


A comparative study has been carried out between ultfaviolet absorp- 
tion spectra of steriodal six membered ketones and their—hydroxy and ace- 
toxy derivatives (Cookson and ‘Dandegaonker, 19558; Baumgartner and 
Tamm, 1955; Elks, Phillips, Walker and Wyman, 1956). It was noticed that 
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an axial hydroxy group produces a bathochromic shift of 14-20m4 and the 
axial acetoxy of about 10mp, while an equatorial substituent results in a hypso- 
_ chromic change of 9 to 13mu in the case of hydroxy and about 5mpu in the 
case of acetoxy. Such shifts could also be qualitatively observed in the 
Cotton effect curves of some appropriate ketols (Djerassi, Halpern, Halpern, 
Schindler and Tamm, 1958). Similar absorption spectra of a—haloketones 
. (Cookson, 1954; Cookson and Dandegaonker, 19559) and their rotatory 
dispersion measurements (Djerassi, Osiecki, Riniker and Riniker, 1958; Dje- 
rassi, Fornaguera and Mancera, 1959) in the steriod field showed that the 
introduction of equatorial halogen in either adjacent position of a keto group 
in a cyclohexanone does not alter the sign of the Cotton effect of the halo- 
gen free ketone but an axial chlorine or bromine atom next to the keto group 
of a cyclohexanone may effect the. sign of the Cotton effect curve of the 
parent ketone (Djerassi and Klyne, 1957). Recently Jones and Waluka 
(1959) have confirmed the axial nature of a bromine atom in the case of 
88-bromo-cholesten-38—ol-7—-one acetate based on these considerations. The 
available results in such: studies are at present meagre and such analogies 
have to be used very carefully. . 


Since 1956 rotatory dispersion measurements are being increasingly 
used for the determination of absolute configuration. The method used, in 
principle, is similar to the generalised method of monochromatic (usually 
D-line) molecular rotation differences (Klyne, 1952, 1953). Comparison of 
rotatory dispersion curves is generally more suitable as,it involves compari- 
sons for many wavelengths. It may be mentioned that rotation at D-line 
is frequently a reflection of the sign of dispersion curve in the ultraviolet 
(Kuhn and Biller, 19358) except when the dispersion curve changes sign 
somewhere between the visible and the ultraviolet. In certain cases such 
as longifolene (Jacob, Ourisson and Rassat, 1959) the comparison of rotatory 
dispersion curves simply confirmed the conclusions already reached by a 
consideration of rotatign data for one wavelength. In other cases such as the 
guaianolide group of fsesquiterpenes (Djerassi, Osiecki and Herz, 1957; Dolejs, 
Soucek, Horak Herout and Sorm, 1958) the comparison of rotatory disper- 
sion curves has afforded the only information available at present. In certain 
cases such as those of cafestol (Djerassi, Cais and Mitscher, (1958, 1959), iresin 
(Djerassi and Burstein, 1958) and gibberellic acid (Stork and Newman, 1959) 
it provided very convincing evidence, while in others such maliol (Buchi, 
Wittenau and White, 1959; Baumann and’ Prelog,- 1958) it can only be 
considered as tentative ` Because of possible conformational complications, 
The subject has been recently reviewed by Djerassi (1959). 


The direct application of optical rotation to structural problems i: is 
based on analogies. These analogies to be' useful must be sound. During 
the last five years, particularly after the introduction of a photoelectric spect- 
ropolarimeter (Brand, Washburn, - Erlanger, Ellenbogen, Daniel, Lippmann 
and Scheu 1954; Rudolph, 1955) enabling rapid measurements of rotatory 
dispersion over an appreciable ultraviolet spectral range, there has been a 
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sudden burst of activity in this field. As more and more measurements are 
being made it is being increasingly realised that the rotatory dispersion curve' 
is quite sensitive to constitutional, stereochemical and conformational changes. . 
Anologies are being extended as soon as sufficient data regarding reference 
compounds is gathered, There are still many fields open for investigation 
where little or no work has been done on the correlation . of rotations or 
rotatory dispersions. There is little doubt that measurement of rotatory . 
dispersion is going to play an increasingly vital role in the correlation of 
constitutional and conformational studies in many types of organic 
compounds. l 
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INTRODUCTION 


If we iterate the Laplace transform we get the Stieltjes transform, i.v., 
if we take 


aD ff ty a, 


where 


(1.2) yl) —f 7 gy de, 


then 


oo -l 
03) SO = fo CH? eo at 
and the transform (1,3) is referred to as the Stieltjes transform. 


Varma (1951) has given a generalization of the Laplace transform in the 
form | 


(1.4) fls) = f E (E — Ub W, UD YO) de, 


m denotes the WRittaker function. Further he has shown that if we take 
J (s) to be the transform of Y (t) in the sense of (1.4) and (s) to be the ordi- 
nary Laplace transform of $(t) in the sense of (1.2), then we have formally 


P(2m+1) 00 | 
-— F(2m--1, 1; m—k-r-3;—1i|s) A(t) dt. 
(1.5) f(s) == Zits J o FOr. as [s) (t) 

Ifk-+-m=4, the hypergeometric function. degenerates into a binomial 
expression and (1.5) reduces to.(1.3). Also if k—m-—$ and 2m+1=f, (1.5) 
reduces to the transform ut 


(1.6) sen-up s^ = Poe? eo a 


In this paper we give representation theorems for the generalized 
Stieltjes transform (1.5). We also give a representation theorem for the 
Stieltjes integral Ps 

Mm) poo -— 
(1.7) f O= PG-RES jo F(2m--1, 1; m—k-4-25 —t[s) da(t), 
where a(f) is a function of bounded variation in (o, R) for every positive R. 
We assume that s is real and positive. — ' 


a 
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if 2m is zero or a positive integer and m—k-+$:40 or a positive integer, the 
last term being zero when 2m==0; 


P(2m+1+n) oe "E 
(2.3c) Tim kinig F(Qm+1-+n, 147; m k-+n+3/2; s/t) 


"ipt [pp EIS MEE. 


a FET 
(ID (sje) MEA a), 
l | (2m)! (—m—k—4)! 
Dog Gf) +4(2m4+D HHC) 4 n-E1-b) — me 1 
(2m— 1)! n—1 


(500) 


| EAT (s/t) - 
if 2m is zero or a positive integer and —m—k-+4 is zero or a positive integer 
the second and third terms being zero when —m—k+4=0 or 2m=0. 


The function p(z) is the logarithmic daue of the gamma function t.2., 


h(z) = (d/dz) log P(z). 
O 
(2.4) e l+n; — —s[t) = o(1) 
(s>0+,2=0,1,2,...). 
Let us set 


il P 
4 Jost” n,sJ © ds 
fo ES H ph 21 pal 2m+n—l pal —k-m+4 yn + 


Then on integrating by parts, we have | ies a 
zr oa! fn] pai 2m4:n—l p! bmp, 
> 


[UN ru, 4D f. D ee 011077 
s=0 01 


21 po 1 2m-En—1pi—1,—k- m4 pnt! REOS 


The integrated part vanishes By virtue of relations (2. 1), (2. 3a), (2. 3b), 
(2.3c) and (2.4). 


\ 


Therefore by oo integration we obtain 
I-(-)" c PE ppt qu p [DRE min p 
ee dd —m+k—n-+4 f oe 


since the integrated parts vanish at each integration. 
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Integrating by ~ again, we have 


pde eH poe pad f oes 


since the integrated part becomes zero on account of relations (2.1), (2.3a, b : 
and c) and (2.4). r 
Similarly ——— by parts repeatedly, we get 
TN poH gom py as 
co 
(7 f p Pumps pa! Am-pn—l pn n—1 ,2n—1 p^ El) 
dus | 
— 40 5895 goat M Pie 
yn-! f?: m4 k—n 44 port, —k—mAd pri 


| Im-+n—I pt} ,2—1 p” 2 6:01 f (s) ds 
for the integrated parts vanish at each integration. MES i 


We have using (2.3) 
= [(2m-EF 14-5) (14-5) B i aja 
871 aO, ER PED (s: 1)" s 9n* Dj n—1 
F(2m-H1 n, 14m nn =s, 
and by the use of (2.2) 


ENT m e 2m-4-] 
Qmtn—1 parol 2n l pn eh = ae Le) (1) 


2m+20—1 ¡pal FQn-E1--n, 2n; m—k+n+3/2; SUP 


Again using (2.2) we obtain ! 
,-k—mci pal a da gr p” pes mm A 


(—1)" 


^. Now by (2.1) we have 
(ee ne ¿—m+k—n +3 pil j Pm pial ¿m+n—1 pr-l 


gmtn—k+d n=l p(om.r9n, Qn; m—k--n+3/2; —s/t). 


- : | : sal D'. £ (5, 9. 
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ma n | 
E ^—! P (2m+2n, 2n; m—k--2n--3;—]0. 


- 


Then 


= (2n--m--k—1) | 
JOO Ly, SO &- EE TG RERCE So 


oo 
f 9 al F(2m+2n, 2n; m—k+2n+4;—s/t) f(s) ds 
0+ | 
MRimikei) poa ptm- 
M 


e SÁ 
since 


F (2m+2n, 2n; m—k444209s/0 (1 4-5£ 1) —m—k-+4—2n (n—oo). 
Now by Theorem 4:3 (Arya, 1964) the integral 


['(2n-I-m4-k —3) o n yntm+k—3/2 
POTS mpm ke 40 40 0 (0e) 
0+ (s+#) | 
Therefore 


oo 
J es DL, fO ds f) (neo (0 too). 
O+ . | 


This completes the proof of this theorem. 
Theorem 2.2 , If. the integrals 
1 
Q5) f pe du 125, 
0 s 


all exist, then there exists a constant B such that 


(26) 1" ge) (0 B n! j; 5 noa ee ese ) 
and | 
(2.7) f (s) Asides 04-), 
where 
(2mm --1)......... (2m --n — 1) 


ere 


mkF.. (mkF) ^" 


and . 
As) = m n—] pa! Qo b—mc4 p "tl ¿—m+k—n+1 f(s), 


Proof : We have (Widder, 1941, p. 358) | 
(a1 A aepo 95 
Hence 
(cm EE porel mti eu, BONO cmn 
(2m4-1), | 
(s> 0+), 
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Or : 
l * l ^ n—1 — m-- k—3[2 
por! som tk—n+4 OE p $ (s> 04), 
(2m+1), | eu 
Or 
B(m—k-F3[2), | 
Z (s> 0-4) 


y AMI 
K ign (à2m--1), | 
rI Asml (s— 04-). 
Theorem 2.3 1f 


S 
(2.8) f. L,, fU) d—06) (>o, n=l, 2,...) 


then , 

(2.9) f (A r (s> 0+) 
and 
(2.10) f(s)=0(1) (99). 
Proof : We have | 
Loay-iDORim—REO PQnt mb id) — 
} 2 ag ds—=(—1)" P (2m 4-22) n) nmk —3/2) n1 


i | E 
f D” ¿ml gi) (5 ds=0(s) (s>00, n=1, 2, 3,...) 
0+ 


which implies (2.5). Hence by Theorem 2.2 we have 


(—1)" a (3, pats" 04, n=0, 1, 2,...) 
and f (sA s (s— 0+). ú 
Also | 
| p 21 g(n—U) (y ds=0(5) (s>00) 
(70 | | 
implies 
an= Do 7 *l (5o) (n=l, 2,...) 
or O(s)=0(1) (s+), 


from which we have i 
p ,-b-mri pat! smth nth pg) o (mal) (s>00) 


or fls)=0(1) (>), 
which proves the theorem. 


Theorem 2.4 If 
x 
f Las f) ds=0(x) (eoo, nal, 2...) 
Us n, oU | 


and if f(00)=0, then 


Sept, , 1963] S. C. ARYA on A generalized Stieltjes Transform E 257 


TN P(m-1) ^ 
(2.11) fo cin rk 


] mE | 
f, FQm+1, 1; an te ae Las f(x) d-A x3 (>04) 
ja ou (8 
where A=lim x f(x). 
x—0-- 


Proof : Let us set 
g(x) =f (*)—A x. 
Then 


Paf aA" at 7771, 
or using Theorem 2.3 
aV )=o( "TD (+04, n—0, 1, 2,...) 
| —o(x ^) (x00, n=0, T DENN 
Hence Lys g(x)=L, s f(x) -Lp A AL Fx). 
Applyimg Theorem 2.2 we obtain (2.11). 
Corollary 2.4a If- 


l. u. b. 
< 
D=s5< 00 


and if f(oo) —0, then (2.11) holds.’ 
Corollary 2.4b If for some p=! 
oo 
(2.12) fi 
am fa, 
then (2.11) holds. 





: sæl = s. (n-1/2..) 


P doch gj. 5 








The proof 1s-similar to that of the corollary proved by Widder. ie 
der, 1941, p. 361) 


REPRESENTATION THEOREM FOR STIELTJES INTEGRAL 


Definition 3.1 A function J (x) satisfies conditions D if it has deriva- 
tives and integrals of all orders in (0,00) and if there exists a constant M such 
that 


(3.1) file 


Theorem 3.1 A necessary ud sufficient condition that 


=I, 2,...). 





oO 
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with a(t) of bounded variation in (0,00) is that f(x) should satisfy condi. 
tions D. | | o 
Proof: Let us first prove that the io are necessary. 
We have 
Lo fees DONE na 

s OSI) Poem - 1) 


7 | 
$ P FQm+2n; 2n; m—k+4 420315) dalt) (1=1,2,...). 








0 
Hence 

oo | P(2n+m-+k-—+4) 
J Eas SO 6 s te HE- SY 








00 AO er 


. Premi pH — S edidi 
Jd ees —3]2) n Ü Ms Uf s 


F(2m+2n, 2n; m- 24420; —e le, 
provided that the iterated integral exits. 


' But 
ies] 
$ $ F(2m+2n, 2n; m—k+4-+2n;—t/s) ds 
0 . * 


'2m-En) P(n) Pim—k44420) DO) yon, 


| " Pi2m-E22) (2n) P(m—k+4-+n) a 
provided that Re (2m+n)>0 and m—k+4+2n40 or a negative integer. 
Therefore - | 
00 : | | 
es fu, foe | — 
mE 0 


P(2n -m--k — " [(2m4-n) P(n) Pim - k+44+2n) P(n) 
= Mati) Pam +k ; j2) Pm E22) (620) mkF S) 


| E Ida (f. 


Hence the total variation of a(t) may be taken as M since 
D'(2n-Em--k—$) P(2m+n) P(m—k-+-4+-2n) (a) P(n) 
Pel) tmk) m+n) Qr) P —K-E4-E2) 
- approaches unity as n tends to infinity. 





Thus the necessity is established. 


f È 
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` ‘Next let the condition be satisfied, so that 4 


e 
T ^ 





00 
Í, |; F (I cow (a—1, 2,......... ) 
Then from. Corollary 4.2b we have | 
E Jy. Die. f. F m+ 1,13m— 3]; LO 


n--cox | (m— a 
; E (x) ds-- A m. E 
| where 


X 


Aslim. =x f(x) 
0 
Now let us consider functions 


r ; POLI S Las £09 ds 
T l l 


Each function a (s) has total variation less than M by (3.2). Hence 








00 
we have a sequence of functions E (x) ] taken from the sequence of 
functions [: a | , Such that 

, ás 0 
| lim a  (x)—a(x), 
. i> ni 
where a(x) is a function of bounded variation in (0,00). 
l Hence : . 
uno Plm!) i —- 
f(x) slim TOEA J , Fen 1; m—k-4+3/23—s[x) da, e 
S pA x (x0). 
| 00 
=lim —_TBm+D) — s) F(2m+l, 1; m—k43/2;— ] — 
macie Ls 0 Tenet t nrhm YP 
00 
—lim . f a. (s) (djds) F(Qm+1, 1; m—k--3/2;—s]x) ds+4 x1, 
Ico " 0 ni | 
| A am P(2m+1) d os M 
1 C l) m -EFA als) (4/ds) F(2m+1, 1; m—k--3[2; —s|x) ds 
+A x7, | 
EM Qm--1) PIU us 
=( : PAD Ru eere m —k-4-3/2; di 
| PQm+)) Ee : E 819... 1 
b Tras , F(2m+1, 15 m—k+3/2;—s/x) da(s) +4 x71, 
P2m+1) 


oO 
— E A S mi 
me EE YN S, F(2m4-1, 15 m—k+3]2:—s}x) dal) 44 272. 
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But (A[x) can be expressed as an integral of the form (3. 2) with a(t) 


defined as follows : 


Por (6-0 


=0 (1550). 
Thus we have proved that the conditions D. are sufficient. 
This completes the proof of this theorem. 
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